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(54) COMPOSITE MATERIAL AND ITS PRODUCTION 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a characteristic 
which is in conformity with the balance between thermal 
expansion coefficient and heat conductivity, which 
balance is required by practical electronic 
parts(including semiconductor device) or the like. 

SOLUTION: A yarn assembly 208 is fabricated by 
two-dimensionally arranging plural yarns 2A ( 2B in 
nearly parallel to form yarn arranged bodies 1A-1F and 
then alternately laminating plural yam arranged bodies 
1A-1F. The yams 2A, 2B are each composed of carbon 
fiber bundles obtained by bundling carbon fibers, e.g. 
hundreds-tens of thousands of fibers having diameters of 
about 1 0 ^m and a carbon component except the carbon 
fiber. The composite material is produced by 
impregnating metal matrices containing at least copper 
206A, 206B into tube-like open pores formed in the yarn 
assembly 208. 
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[0 0 4 9] tit. M£«^X*£<i:LTte, ffi£$3S 
<fc*#Arr*Ifi<fc, (HE*8rtOiWE*«fflitfXSrtt 

««OME*3Bfft#$»<oa#»HftJR<k*»)Br* 

Igi, fflrE*S«r»^L&iC»tt$ii-*C<!:«rcfcO, 
WE*Sl*I £ ffrffl-r -5 Ig <k * 5 <fc 5 tc L T J; 

[0050] mvzftmi:m\z&tfzi$mmm\** $bp$ 

M^b8 0 0t^T, -4 0 0 ( C/WUc!:t^ 

[0 0 5 1] Sfc, IHEmatLT, ftHESMSfci 
MEft*ti:tSlrMC#tttt«»Tftfl£X«#ffi«ltt"r 
^Igi, HfJEgS^ft:d:HflE^^I<»:^^JEX«*EET-e 

»rftB**T»nj»u imE****K-rsia<s:, me 

BS££Jl£*jn£tt&t3;fc<Xgci:* fflEttlEETa>BK& 
«t«JEftEXtt«TEET<0«l»*<i:S:- a^36MC»tt$ 
tt^ao£Ett»lc**, JnffiTTMEJftMfc+KffflEB 
ifi^^^^a^-tt:^Xg<b^W-r^J:otcL, ?&aiXg 
d&i^T* MnEBH&Btf$B£tt£MEttS3ft&AftE 
ijnJETTi^aT^ J: -5 tz L T <t 
[0 0 5 2] ZOimS. WE**#4:ME&JK£:*-h# 

VKftTZZHzJ:*!. ffiEtt&ftl::M££B&JK€& 

[ 0 0 5 3] (HEBil^Fj£«r*^T. HEXiiftJET 
WBMKBTAliK»BU&Bie»<!:BIB&lR<i:«* 

B»#+icmEA«**Bs*-&t»aTft*. 

[0 0 5 4] cntZiO, ffl£B»&l»£<fc*>KBfl£«i 
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[0 0 5 5] ME#§X@iC4o^T, WE«S*S» 

&nfcra-^SB<D±T<Ofil::*ft^nEBU flttES 

TR**ftffiXI4*fiET"CBf«B**-cap!»U, ffi£& 

^€rB^T^XS<h, mE±SO*.€:JniJE«fiB(C*3<X 
i0 Si. mEftlJET<0±S<Z)®»*JIS*ME*7LK7^;U 
^-^ILTT^ii^itT, ftEEXIAWEETOfflE 

T, JPEET<^fflEtt3e**tcME*»A«*^»$-ti:S 
Igi^tt^i^CU, «lE»axS*3*3^T, fflE 
Ta<Z)H9ESiB*«^$B$tl)tmE«l3Bfle«:, MEJJO 

[0 0 5 6] C0S^, << )V2 — &m^2>Z.£. 

Ilcfc 0, WE*«*EBLfcJi*i:WE«ieff4EKb 

[0 0 5 7] METa©fflESi»*i:^^Ttt, ItES 
L. K*-f*C H£MEBlKftJK£:M£tt 

IS. SSti^JC)ffi*a«:H:ttT^Sfc«>ttE*»*KS: 
[0 0 5 8] ::t, *?L«:7-f — ICtmTWU B 

[0 0 5 9] &*5. tilgtlt, *7LK7-r;i/^- 
t r i o T 2 S I r ft w e n fc R - <z> * o ± T 0) m. <r> JE * 
KHU ffl£ftJR*EBLfc±£(0/Ea£lfflfi8E«S#£ 
EBLfcTS^OftflEtc-r^Ct^J: 0 , BM&flW** 

-fcffi^SB^i::, ±EoJ;5i:SBftIi:#?LS7^ 
[0 0 6 0] iSE^ilgilt, MEfittSfct 

nfcpj— osB^jbTajsic-tn-tnEBL. imfisas 

*ffif*U &m&flJ£:Kte#JEtt!i<!:T£Xfl<h, ±T 

4BSfit-^>XM<h. flE±TPi^4ttl/£ttSltc^<Xfi 
t< ME^JETco±^<7)JE^4T^Offi^ct 0 t>StcB 
<L. BHSABSrflnE^fl-H^-f ;u^-S:aLTTa^ 
50 BjSSltTmEfllttftta^^izlSJttS-frfcK, ^OlET 
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4K*sa4nfciiiiE«a#fe, MEanBET-cwai?-* 
[0061] cv>m&* mtzm^±mt thizmmm 

[0 0 6 2] *36W::*5lr>T, a*t<tfts*«#»c^tt i0 
< <fcfeSft«tf£K*«««3T*l;:»U iJnflEtt»<t 

[ 0 0 6 3] zLv>mn\z%z>$km.Jimz&v , jE^^jffli 
[0 0 6 4] *»wic»*Bit*ffitt* tfrEJBs 

«SB»*^fl9E*«**aS-ti-S$axS<i:, 

[ 0 0 6 5] cntlctO, -IKKffljStSnS&lSft^ 

<0ME&«<&$«fflH£SBlcf?5 

t>, «iBff^mE*JK<0#«*€:l6l±$-li'«>wi:^-C t 

ait* cta^r* o : y)m&ofa±zmz> 

*pxft*s*-&«ctA<T*si«&tr»ft*a^«-r 

[0 0 6 6] fit, ME^SIli!: IT, JWE#«8* 

t<ttE*«i*stwc«tta*fc«»-eiiJEXti«ffitt 

»lc;fe<xa<!:. mEtte#£:M[E^JK<b«ft£E3(a« 
ffiTT»rSfflflESTftlJ»U ffiE&JR**KTSXa 
<fc. SttEBi»&««rllOffi«!B(C*><xai:. WEHOJET 40 
©*iB4KtTOEIlBEXtt«flET<0«ttff<!:t, a*** 
iCftMS-tt, inEEtt*»;:*$S. JPffiT-CiWEfctt 

i*+»zimE*iKft«**«s-fr*xa<!:*#"r*«fc5ii 

U mEftfllxaictJ^T, (MEB»4i^«Sftt 
ME«tt*ftMEaffiTT»airs«fc3lCLTt>J:^. 
[0 0 6 7] 

* <^Kii^fficDl£jfc<7)I2ggCT£S 1-B2 1 £#116 
[0 0 6 8] *ftffiCD»»lcas«dttft 2 0 0 14. 0 50 
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WZ^&oSZ, Stta>a«LfcBfl7l 2 0 2 (09# 

id *«*a»«snfcai««ui2 o s^a©iM2o 

<0§f!?l2 0 2 C§i$n^M< ^ti^^i^b 
S57MJ^7 2 0 6 A&[/2 0 6 B <h£W UT*j3c$ 

[0 0 6 9] C<Z)£ii8&lf?2 0 te. ^t0SC/C3> 

[0 0 7 0] C/C3>#y7htL/Tll ifig# 1 0 

E^llT-^->- h (UDy-h) ^S^nXchL 

£<0^1iJ5£»#<OI*I«(C. CVIS (Chemical Vapor I 
nfiltration : ft*W»«$Slffi) *««#'J^-$« 
fll*Sffi*i;:«*:D. g**^&S7NU7i^X*»j«Lt 

[0 0 7 1] ^HttO»ffi». 20t LT^ 

[0072] mt>s c<Dnffiv>Mm\z&z>m&ttft 2 o 

0<Z>&«tt»2 Ott, J r->m&&2 0 8£*fLT*£j5& 
an, cco^->m^^2 0 8te, mgXKD^-y&Flfc 

ia-i F^aisntiissn, i-^cd-^— >e?w 

<«*tflA) tt. igl0/4mm«OK*«JI^JIIA 

s e t^¥ff (c-^tcW izih^i a nx«« a nt ^ s . 

[0 0 7 3] O£0, **jSfi<Z)»J8«CfiRSa^»»2 0 

[0 0 7 4] C (ZiS^T, t$(C»^L<(4, Big 

T£-f->£3SW (W^tflAStflB) KfcttSft* 

-C^^o C<Z)28ftflEtLT*t 0° <fc0fc**^ftS 
t^oX 1 5° , 30°, 90°, fe^^i: 

ft6O«^S!»W<*0» «fc#*L<tt9 0° 

-So 

[0 0 7 5] H-2&tfB3KStJl>TRWTSa:, 
ttH (fftt»»*m) 2 0<D$t&\t, t->1^2 0 
8tC«fcoT«JBKSnTi3 0, »ir->Jl*tt:2 0 8 \Z. 
tiL&<D*->am»l A- 1 F^iiT^fSlKSUILTfli 
jJSnti^. &ir->E?W l A- l Ficfc^Ttt. 
&-f-> 2 A&tf 2 Bd^-C-n-etl— *5E»lcEMSnT 

fco, *ir-> 2 ar^2 BcQ^^frtef n-etuats 
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1 A- 1 F\Z^^^-> t 2 ARtf 2 B<0fi#;£|6Hi 
[0 0 7 6] EP^, &t->E^l(*lA, 1C, IE<D 

-f— >ffi?i]& 1 B, ID, 1 > 2 BCOS#^ 

[0 0 7 7] ^LT, flMEaSOHr^EJfl* 1 A- 1 

[0 0 7 8] C©±5tt*j«^cfe0, **lSOJB»i::« 
2 0 0 <7)S£«^M 2 0 tt, RftllttK 2 0 £ 
ffif&'?Z> J r->^ft2 0 SK^TS^KBHST*-*' 

-> (2 A, 2 A) RZf (2B, 2 B) ©PpKwBilH]^ 
J5&2tt£C£lC&£ 0 COiKWli, ir->2A&tf2B 

«>S«tt<0HJ?L2 0 2 (B9>M) €r^^c1-^)Ci:IC^ 
1 oa>ir->E£l»: (WAtflA) Cit^^a* 
<D*tt<0HI?L2 0 2te, a£^->E^J# (^J^tf 

2 A) (cK^-r^S'iO^->S^J* (MiBlB) (C^ 
J*$ftfc£S<0StteOBB7L2 0 2«C-€-n-£n»fflLfctt 
88<hft*fca&, Hfj?L2 0 2f3, Si«iftM2 OOJcf-CS^ 

[0 0 7 9] fit, C0)||JfiO^aB(C«Stt'&»»2 
OOti, ME«S«*K2 0**«-r-5-l'->lll&#2 0 
8 ^^fi£$n^^Sc<^S : ttcD^7L2 0 2 rtiOft < <h t> 
«*$tr&«a>6&av MJ^*2 0 6A^2 0 6 B 

?L2 o 2 g*7i«M2 o<z)+-esiMca«rs=* 

< t^mZ-StS^ MJ£X2 0 6AW2 0 6 B hM» 

mm 2 o+-e = *7ciHB«iitftwrsctK**. # 

tc, BSt§t->E^I* l A- l Ftcisfcts*^— > 
2 A&tf 2 B<0XS!ft*JW»9 0° T&^il^te* *TfB 
VhU^X 2 0 6 AS^2 0 6 B tfH&Ttte'f £ J£JSK•r 
[0 0 8 0] EP^. &t->e^lA, 1C, IE\Z 

X 2 0 6 A^a^nt^0, &Th'J7^X 2 0 6A 
te^-> 2 ACDaffi(Z»oT-5-nd:¥fT^3f CXT^S. 

! &"\ t — >ie jfj& i b, id, i Ficfc^-m, mv^o 

& J T->2 BOB«1(Btz«"7 h'J 7^X2 0 6 B**3fc«S 
nT430, *7MJy?Z2 0 6 Bttt->2B©aB 

[0 0 8 1] MJ *y ^ X 2 0 6 A&tf 2 0 6 Bte. 
^n^tX^->2 AR^2 B<Z)*IBJC»o-Tfflfi<- » 
*L<»itt«ttl;:3£tfT43 0. §Th'J7^X 2 0 6A 
S^2 0 6 Btt»«T*+'->fi5i|# 1 A- 1 FfallZiS 
HTSWCBXLTt**. fit, t->EJ»l*lA, 
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1C, 1 El-fct**^ HJ y 2 0 6 A<h, CtlJzit 

32T^^->E^I«i 1 B, ID, lFl:i3lt57MJ7 

^ * 2 o 6 b t -s-n-en-v- > 2 a 1 2 b £ <&rai« 

»»T1«LTV^. CCD^m, ?h'J7^X 2 0 6A 
5tf2 0 6 Blt ^IkTcfeT&J&f&'fZZ. 

[0 0 8 2] B0^O&t->2AS^2B^ 
MlftlZtt. 7h'J7^^ 2 0 6AStf2 0 6 BAUOO 

%3cJS2*XT^Tt>cfcl^, &-\*->2 A&tf 2 B<Dr«1 
10 m<Do%-&£-? h'J7^X2 0 6 ASC/2 0 6 B#36 
tlLTl^^m Sfc, i*->2 ARZf2 B + CO 

[0 0 8 3] ccD^^tc, *nm<Di&mizgfrz>m&tfm 

2 0 0ti, *««3a«LfcBH?L2 0 2«Oft< tfefi* 
tO^Jl^b^'£)ThU^X2 0 6AW2 0 6 B**$ 

§f!TL2 0 2 0DVh'J^X20 6A^2 0 6 B£iiUT 

a? ^M*SS (y'J^X G a A s ) V^SASf^g 

[0 0 8 4] M;&miZ\$. MU&*> 2 0 OtSTO^ 
SKS*^2. OxiO" 6 /t-9. OxiO-Vt 
T, fr^>gk&mm&l 8 0W/mK (SiB) 

[0 0 8 5] mi2«**t» 2 o o 11^12 

^X 2 0 6AR^2 0 6 BCOSS(1:, gVh'J^X20 
30 6 A&££ 2 0 6 B^e««CJg«$nfcBB7L2 0 2 d^il 

[0 0 8 6] Sfc. C0>ir&*r»2 0 0«. 
ffl£$tf£«J&*Sfc*V h'J^X 2 0 6 A^2 0 6 B 

d<*«oH7L2 o 2 «cjgjB£snri^c:t^€>* mmm 

K2 0O*cfcDt>W»Jtt^|6l±L., t— h->>^«» 

[0 0 8 7] met - h->>^> ffl»»a^«iis*r#«r 

40 afflS-frS«-&*Ci5^Ttt, PffiffiV MJ^X 2 0 6 AR 
2 0 6 B*$«Stf*M©lWeSg««l«2 OCD&HmTL 
1 0 3 5 Xt-rsCcfcrtWSL^. fflm.Km<D 

S) 

§^^7L^ (%) = [ (W3-W1) / (W3-W2) ] 
x 1 0 0 

{T)l**T7.mz±Z>) 
KiAlI (Wl) : 1 0 0tW-^>Tl h rSi^ 

50 TK^mS (W2) : K»«r*»L, BBaTL + fC^lC* 
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sctkss (W3) : m%n4\z^±\z^m.x^^tzu. 
b) *«riE-r-5gi*a«<oa»(c^ h>j 2 o 6 

[0 0 8 8] — fltlia^iiLT. rtTflEO>*ES€:ffl^ 
0*BB7L2 0 2^8 0W»t^ Be, A 1 , Si, M 

g, Ti, n i m<Dmim{z^o^mm^±.^^^^^ 

Be, AL Si, Mg, Ti, NISI «SEJl±$ 
3k rt^, Ag, Cd, Zn, Au, Pd, In, G 
a, PU Cr, Ge, Rh, S b, Ir, Co, A 
s, Zr, Fe, Sn, Mn, P, P bm<D^m<DT 20 

1 %J^±t:i&£ £, f»£W*<0«Ta*;*:€r<£ 

[0 0 8 9] ::Xil ^a£i±J;?£T£gl(::*r-r£ 

tcijHi (kw snra»8E< *-c«ja-rft. cot 

[0 0 9 0] **Jfi<Z>«ffilw«Sffl*«»2 0 0 

<0«a#ffi(C-3^TB5— B2 1 *#BSLx&^6ttWr 

[0091] £-r, Bsic^-rcfc^ic, K*a«i<omi:: 

xy-;i/»JKi»*«s**rSi*-sc:<ticJ:oT- ^ 
^^^3 o o ^f^sa-r-s. ^-co^, s*s*(os3oo 

f*) 3 0 2 

[0 0 9 2] -ecD^, H6lC3Kf«fc5IC. IBS*^— 

>ts/ii»3 o 2*^ r 7X9 L y^B03^fe3 o 

*<<5=*7cWKE5flLT^->EM*3 0 6 Sr^ST^ 

(#G£B8 6 3 - 2 3 1 7 9 1 #9iai«&!£) . 

[0 0 9 3] H 7 (CTn-TcfcolI, H&<7>^-> 

SJU&3 0 6 £^ft^nXMa^£a<6#Bft£«HL 50 
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T 1 OC0|g^(^3 0 8^f^S-t^o 
[0 0 9 4] ^O'tfe, H8(C7nT<t-5(Z. HufEi*fiJi{fc3 

hyi/Zgl 3 1 0(5, SA£n£tt/ift 3 0 8 £_hT 
#|fi]^6iJnJET*fca&<0i:g!3 1 2RZfTM3 14t. 
jfjn/E3§g(I^^>ia@*3 0 8 ICMLT^£^A£fes!)£> 
t-*3 1 6*f LTMflcStlTl^. 

[0 0 9 5] C<7>HJ6(0«ffi-C(i. »TEHW1#3 0 8$ 
^7hyuxgl310 3 0 0- 2 0 0 0t 

(*«-Cfi6 0 0*0 , #JE-~ 5 0 0 kg/cm 3 (* 
0ijtii3OOkg/cm z ) W^^Tt^il - ^ C <htC 
iot09i:jpf«i*2O (£*««!»> in 
CCB&Pg-eSttttBITl^ 0 2 30*H^7cfflBtt(CJKric 

[0 0 9 6] ^O^oo^a^a^XgiCSAT^^-^t 
LTte, i»EsJcJB#2 0<fcl,Tfc«fc^L, Z.<0$L&W2 
0$, ^g(IltCL:T7 0 0- 1 2 0 0 < CT?je*ft:£itfc& 
8»tt>J:V^ Sfc. St«ff2 0^ 1 5 0 0-3 0 0 0 

^^ 1 5 0 0-3 0 0 0tTSMBftSttfc««#^fc± 
C^o ftoT, tATcDUJB^Tfi, H 9 lZ*"r*S«4»fl 2 0 
*fiK»*Xttflltt»2 0 chlE-T. 
[0 0 9 7] ffl£#i*tttttt. SttKyffel 

[0 0 9 8] ir->*S/£#3 0 2<7>V h*J PXCDBmz 

[0099] ^<e>&. «&-r*$«sa3rgS:»T/Sje 

#XJiBi3Bflc 2 0 dJsttSfftt^Bllfl. 2 0 2 ftl^Xte 

»***sa^ttT*ji»i<o«»«c«sas'»»2 o o 

[0 10 0] ^«J!l3lXS<0^<^^0*tfMlC 

[0 10 1] St*. SURtfS 2 
fc*. ^axfite, a»<fcft5flE«flsXtt«IIS«:2 0 4: 
fiffg iB S ( n S L gpr? ^# & »tt S 1t T OS t, *C HEE ^7 

2 o*(c^g£-tt£xfiT<iDD, m^xsti, nesx 
«»&^^$asnfcmE«JB»xtt«i»»2 o^fftai 

[oio2] sf, si o^^esjtc^^^aja^x^ 

B10 ARM 1 0 B iz^co— 9*I£7^Ti; ^) (c, ffi 
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JES3S3 0 ^teffiT^C^iCJ^Tfr^n^o CONJEE 
^§§3 0(2, mmVt<D&&3 2|-£>lt£jiEiG8&3 4&C^ 

3 6 oiiH+ftBaK-tn-eftstEHia 8*<Rttsn 

T, StlHHett3 8 **i^LTfi*3 2 a*^lHlte-C€? 

[0 1 0 3] Mi* 3 2rtlCl4, O^ISE**^ 
§§4 0 £Jra&-r£fc#>cot — 4 2 T^KttSftT^-S. 
i**»4 0lt t^4 4$St^)SWOM^ 
U 1 ^<DMmtZ&lfZ>m£Jjfa*£:fflft\Z*'£&4 4 
(cBJi-rsBBa 4 e^RttenTt^. *£ffi4 4<B"5 i0 
BHD 4 6£4>£>4:LT-*a>*£ffl (BT, * 1 * 

4 4a<hieT) JZtt, *«»»-C*-B«Xt4IH*ft2 2 
<7>3t* »5^ttSX8i&4 2 2<DiSM&«a*«SSn 
5J;^i;/^tt^, ffl*<7)*^g6 («T. ^2^44 
btEf) (4. tfi^att»-C*5JBSJB*X««ie<*2 0 

^aa»ofl-wsns<k'5{cja:oT*3 0, S2S4 4b 

^«fc -5 (CJSJK*Xtt«l«ft 2 0 <0£#»ttj&*SW- btlT 
&*3* k-* 4 2 tt, 100kgf/cm 3 

[0 10 4] H9f2S/E^§s3 OtCti, S353l#<a 

co i 0 5] me*E«»3 osffl^fcMxs 
<fc#aiafco^T@ i i *#sauft:^e»i§H-rs. # 

axgte, «T©xa*»tf£<fclc<fcOfTfc>ns. 

[0106] Sf, SJE^fg 3 0 *«3ffi*ffi*C LT, 
/ES§s3 0rt(C«fi^6nT^*»jk*8 4 0(Dfgl^4 
4 a*T#l;:ffi:B£l** Ury^Sl) . 

[0107] J*JB*Xtt*Se<* 2 0 tlflXKMH JO 

£r£ 2 2(7>*5t£SJE«§3 3 0<Z)»*S8 4 OrtKAtl, 
SX«i^2 2<7)i5&£i4*:^g3 4 0(?)SlS44art 
KEHL, J«^ffXttjfta(*2 0SS2S44 btc-fey 
HtS (Xf7/S2) o ^<£>?£, S5/£^i§3 0 (Rtf 

n*«s§4 0) Ktis^ 8 zmcxms. 

^8 3 0ft<Dm&3\Z$:?T oT^ie/E§§§3 0[*j£flJ£ 
^SHcTS (Xfy^S 3) o 
[0 1 0 8] *<Z>1£, b-^4 2tCiiSLTm 1144 
a OSXfiS^^ 2 2 ftftlS»*tf-r* Uf-y^S 
4) . ETF<08i9i-CkL Jpj»8«$nfcfflXI4a^A2 40 

[0109] S 1 S 4 4 a W0)«iBM^Hf3ea 

SdiSL^&Pg-C, S&JE&83 0^180° lEESItS 

(4, ^aiCct-pTT^tceBT'5^2^4 4 b^lC&T 

[0 110] ^<0?£, tfXagAWS OtiBCTBBEgS 
3 0rti:tiJffl^feiKALT. i£&JE«8 3 0l*?£Jjn 50 
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B»«ttfiE»»Xtt«»«e2 0cDBB«?l«B*lcS«"r3 
[0 111] (WHB*«ISA<»7LfcB9A"Citt%lc?ftai 

xs«c»fT-r*. d^aixate, s-r, ^fesjE^^ 

30^Btfl80° <£EI£-e5 Uf7^S7) . C(0 
^SIAf^i-ctoT, »ll4 4a^TJi:fiit5ui: 
a* 6, » 2^4 4 bf^co/Sfflffite, BtfSl£4 4art 

»2 00)BBaC7L*^$»$tirt^Ct^6. T^lcft 

»2 o(c#a$na^ofca#fe»ffl-c*s a 

fH**» 1 4 artKffTLfc&BT, ^2i44blC 
«BiSttffl75«$a$tlfcB£^»XttBI»»2 O^Ct 

[0 112] #X*?liJS5 2*ii;t«e*b 

3 orta5^»ffl*x*»a-rstHWftc, ^/x^a^s 

0 «:ffli;T?&affl*X€:i«BE*S3 0rttC»A-TS (X 

f-yyss) . c<z>$affl*xoj9fa<t!*aiffl*^<z>* 
i«jESii3 o w«iafc»aans. 

aKatscit^e, sa$nftaxtt»&4 2 2ii« 

[0 113] ffico^aiXSi LTte, 0 1 ltC^S^T — 
a$n3tJB£J^*X««|IIS*2 0£i£^L&(C*&®£-t2-£ 

#x(*fii^ffc2 o\t&miztftmznz££.izte2>. z.<d 
[0114] ccD^otc, «j8B#axsatf»axas: 

2 0^(7)^X14^^2 2<Z>$afil3£*aK:fT 5 H t. 

L^t, *JBffX««ltt»:2 0^OfflX«ffl'& 
42 2©ta*S(fi]±S«Ct^S, HSROfll^SS 

ot:^-ca)^p^^^?g$^2. oxio- 6 /t-9. o 

xiO Vrt, *o8SS»¥^18 0W/mK 
[0 115] Sfc. »J»Kaft^0. 1-0. 0 3£& 
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£tt*s^iie»*xV^>fa<7>fc:x h>3?<oti©jgs a n n 

[0 116] HttB7f7ys4i:i3^T, t-^4 2i; 
SHUTS! 1S4 4 a<7>81Xt;tPi£*£2 2 £ttJ2ftS£?T 
Xf7 ys 5 ic#?fT£/?f3£iU& (Jtoaia 
jg) tt. mx\$m£&2 2<DM&£Q l 2 5 0t 

SS^iaKa<«fc<, fiFSL<tt«IEB.«J:0 5 0t;-2 0 
0*CiB^ia*3&<a*L^ c CGQif £\ iSEE^2s3 0rt£ 
1 To r raTO*ffi(CUT43< C<h^»*LV^ 

[0 117] itfffZXT^y 6«C*3^T> i^EE^ 

3§3 0 (^(:^iffl^x^§At^ctl:J:ot^^ 
3 0 (Ctt-^T^JE;^ UTte, 10kgf/cm 2 « 
±, 1 0 0 0 kgf/cm 2 J£*T£T£u £<0«£\ 5 
Okgf/cm 2 £A±, 2 0 0 kgf/cm 2 KT*W 
£L<, iW^KlilOOkgf/cm 2 1 
50kgf/cm 2 WTT^-So 

[0 118] Sfc, 5SJ£^8s3 0^<OJ£*<&{*^PSfflte 
lOTOi, 3 0»£tT^J;<, a*L<ti2»K±, 

1 0»£lT*«»*L^. 

[0 119] &*3, ««*Xtt«illS«:2 0<DSm<hLT 
tt. ¥^iftS^5 Mm— 2 0 0 um<Dh(D&9 o %£*_t 
fapftU t^O, »?L*^ 10vol%-35vol%T 

[0 12 0] fit, J*^*Xtejfti8i*2 0 <hf8XteiPl 

2 0 HT'tf) 1 - 1 0 v o L %. I$L<tt3-5 v o 1 
%<7>N i ^ot^lTCiWJL^o COi^, (Kl£ 

IftoStLTH «xtfNi-POJ6-?t^Ni-B 

[0 12 1] ^LT, ^te^^^X(i^^^2 0K^» 

i-iovomoNi sb^^^mTct\zmm^x. 

[0122] waxgK^ttswaaswu ^a 
^©atf^e 8 o o < c*T<o#iry]fc:*5t>T, -4oot 

[0 12 3] Sfrie^T-^yS 6K43^T, H/£^3s3 0 

mxittm^^. 2 2 ssscsastsfcftCi&sftE* 

T<&£* C<7)i§£\ fifc»*Xte#JSfls2 0 iCSXttMft 

2d*ftasnT^a:^BBa?L3»«a?¥-r*4:, 

[0 12 4] C4>JI*iW:*<BttB&£ Washburn CD5£tC<fc 
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£?Z>o fifiJAtf, 0. Umd>Ott4 0 0 kgf/ c 
m 2 , 1. 0ymd)^<!:t40kgf/cm I , \ 0 u 
m<f>CD£#4kgf/c m^flE^Sr^tl^tl&StT 

[0 12 5] C<0<t#, fiE^*X{ifflHS»2 0 tfflXti 

g?£r&2 2 <k*«Kia-ett«»*-r-5WpPiB*H«"rsct 

##ST*3. IfflCDSa^&fr (i^JE^§§3 OKft^T 
£J££l = 10kgf/cm 2 1 0 0 0 kg f/c 

m 2 HT) , IS2<DS!iJI&# (Jo3»fflfl[ = fflXttffl«'* 
i0 2 2<0»*«fcO 1 0t:~ 2 5 OlCSi^iaflO . XteSg3 
OSag^fr (fiEJg«cX««»*2 0 Cl^Ftf) 1 - 1 0 v o 

1 %CDN i ^o€^5ST) *«Jg$1tSC<i:lcJ;0, J* 
JgftXf JfiHe* 2 0 2 2 <t<Btt«WI8l£ 

[0 12 6] «(*X«g*2 0<h^^ 

*2 2 <t<oaintt3&<sir^a^, «x«a§ft2 2st» 

3 OffiJl&ft 0£«ttXI*ttI3ft: 2 0 \Z^$> 1 - 1 0 v 
o 1 %<DN i #>o££SS-f) • Xti^4CDfflJl^fr (fig 

a? i»X«g|iB* 2 0 \Z^& Si^l-lOvol 

£-££) *fT5C<htC«fcDfi£«frX««e*2 0O»7L 
3*ffij&<&HS*U fiE»*X«ttlS«:2 0 tftXttft^ft 

2 2 t<7)i»ntt^fi«F<ttt*/ta«>, cfc0«iE*T«t0ffl 
*H^7L«C*TSXtta&&2 2 *fra$"t*-*Cli:^T 

[0 12 7] IBl<0**MK«**««HlS<O 
$axSilO(.»T. tKOM«W^il2Ml 

[0128] il <D&&mizftz$»j:m\** H 1 2 «C 

30 TKTcfc^JC, ST. *ffi*B3 OSfflJWttffiKLT. K 
JEE^§§3 0rtKStf*SnT^S»**8 4 0^1^4 

4 a^T^(3{4^^-tt§ Uf-;^S 10 1). 
[0129] A«flc^»Mia« 20^2^4 

4 b tc-tr y b L> T»BlttS*fciH:*ttSi£'& (SIR 
ffi) 2 2 £J?S 1 ^4 4 artfCffiL&tf Uf'^SlO 
2) . 

[0130] -t<a«L sii44a w<o»Hia^»f^ia 

StC^L^SPgT, HGE^§§3 0£ 1 8 OflElElHlS** 
Ur^SlOS). C<&tElsIfttf5*;:.fcoT. ^ IS 
40 4 4 a rt©8»a^T*l:ttB 1"5S 2 1 4 4 b CiT 

[0 13 1] yf^WA«5 O^iiDTHJE^^g 

3 0rt(Z#affl^X^^ALT, ISBE^-3§3 Ort^ttl 

(7f'y^S 10 4), CCO/mJEffl^tC ck o T, 

[0 13 2] »2 0)a«WI(C«^$«xa«C-3t^ 

TlftH^T^i:, c:a>^2<og!^fi?iitc^^^axiifi, 
JES33 3 Oi*llc88BanTl»Si»3^$S4 OcortSS** 
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-f) ^Ktt6*lfcBEEaEg3 OSffl^S. U;>cSB4 0 
1*1 tt. fftfZfctWKlCcfcoTliI 1^4 4 a i:^2i4 4 b 
<tlZtttyt>tlZ>C£\ZfcZ> 0 

[0 13 3] «HattWfi<tLrtt, SHt*#4 0%~9 
OXT. Aog?lg*0. 5mm-3. OmmTS** 

<fi«?L*a<7 0 96-8 5%T% *>0«?L3**1. 0m 
m- 2 . 0mmtS§Mlt7v^W^l^:<!: 

[0 134] fit, d<oa2<D*jgfisnw«s$axs 
H l 3tC7K-rJ:atc, Sf, ffiE«B«8JJHttffi(c: 

!4 4a^T*t:, SS2^4 4 b£±;£iC{iB£i±£ 
Ufy^S 201) o 

[0135] ^-COgL j£«#Xtt*fcJg# 2 0 tmX\Zm 
£■£2 2<Z)tS&£55jE^B3 0<0§J*«B4 0rti:Atl, 

my.\*m&&2 2<D»*±#icteBr<5Si2S4 4b\H 

^4 4 atcir-y NT £ Ufy^S 2 0 2). 20 
[0 13 6] t<Dm. i$JE^B3 0 <&tf»j*5&84 
0) S«»L&«, K»*4 8*ai;TKEE*»3 Ort 
OS£3l#£fr^T^SjE§g3 Ort^flJElKSifcr* 
Uf7^S 2 0 3) . 

[0 13 7] fCOi, (CilSLT^2^4 4 

4) . »E«»**«Hf«fflKJcaUfcaBT, ^XSA 
f 50 *iii;Ti8EE«S3 0 ftiC^affi U7s £31 A U 
T. R&JE^B 3 0 F*i£j!jnJEr £ (Xfy^S20 

5) . CcOrtPffi&JItCcfcoT* ±^tCfi:g-r^^2^4 50 

4 brtaisawiw:. u T^tce^-r^^ 

1 g 4 4 a rt0j£»flOOi«&<* 2 0 <D -g* 

[0 13 8] &IZ, ^2<^^^^JtC^^^Si!l^XStC 
OliTH 1 4-H 1 9*#8BLfca*6!»9rr5. 

[0139] c<7>a2fl)R*M(za-5#««!i3axett, 

^1^7,^6 0^, f§ft*cOg#6 2(*}tC, S*€**aST 
/t>5 1 6 4<h, 4±KH;£S*lfc±ffiB8a 40 

(Z>65t*^B6 6 »iBt^c*B6 6rttC±*^6itiSS 
SiSnt±/Of6 8t. «HE»3Ac*B6 6«riPj»-r 

[0 140] mcH*8B 6 6 (4, +s§8 7 4 s*rr s 

0tt^)itt$fT§, ±/Of 6 8H *r<DMffi\Z. R 

±/t>^6 8a>fTa*ftS-r-S7 7>vffl7 6 

*U R7^>'>*gg7 6<OTMKte, 9tJl2©**«B6 6 CO 



»BB¥ 1 2 - 9 5 5 8 6 
/W*> 7 8^ffi9ttltbttTt^£ 0 — T/1>^6 

[0 14 1] fit, SS2(0:R#Mi;:«S$«ffl3!Xg 
(4, SI 5 (I^TX^^r^^dchlCi: OfT^n^o 

[0 14 2] ifft*£B6 6(7> + £SB7 4rtlC. T 

*>SjS»*3Ui«JS»2 0. *TLHt75y^S«)7^ 

;^5 4, mx\tme>&2 2<&»<djbtsat* 

7yS301), 7>fM5 4 £LT(4, «?L¥#4 0 
%— 9 0%T% a>-35l?LfS#0. 5mm— 3. OmmT 

ffFS L < «a7L*A* 7 0 %~ 8 5 %T, *^»?LSd^ 
1. 0 mm- 2 . 0mm-C*5*7Lfl-lr5 5yi7tt*ffl 

[0 14 3] £fc, «!E7-rM5 4H 
g»20 <fc»lXtt»ld&2 2<0»<t*ttWr3TH#*^ 
&!&VIM\Z&< ttWtlTOlffi^^L, *£8B7 
4<D?*,, 7*;U*5 4±<Z>»30iJH^ft2 2<Z>»#-fe 
-;^Shfcffl»SJ:i7 4a, 7>fM5 4TW^ 
Xtt«E3e*2 0d«t7 h$nt»»*TS7 4b<hlT 

[0 14 4] ^(C, Kft«7 2 £iIi;TB**B6 6 1*5 
<£KS3l#£froTKif*:«B6 6 <DWls> 7 4 a&tf7 
4 brt*-ftJEtt»tcrs Ufy^S 3 0 2) . 

[0 14 5] ^O^, tCiiSLT±^7 4 a 

W©MXttiHS'&2 2 SiD&Sarr* Ury^S3 0 
3) . C<D<h£. itfjfdb-* 7 0^<7>ffim<hefi*TT/^ 
>5^6 4C0j1SS8 0rtJCjinJ!SfflflR**8SLT»^C*S6 
6 <D £ talft r £ cfc 5 tC L T fe <£ 

[0146] 1174a ft<DSX\Zm&& 2 2 <Dmm%Q 

(mmm) #wjeffl*fc«bfcai»-e, ±/^>^6 8£ 

yS 3 0 4) . ZCO£g. ±A>^6 8CO^^>> ? gg7 
6 O ttttS*lfc/ty*>7 8 tl^6 6cD_tJS] 

[0 14 7] ffife&{Zfr-DfZ±M7 4 art^SXttSS 
42 20M (SSfi^) «±^7 4 aF^cOJE^tZcfco 
T7^^5 4€:31LTT^7 4 bfflHicW L \h StlTR 
7 4 brttcSA^n^ilBjPftc, STf 7 4brtC 

»BanfcBft«*xi4tt»*2 oic^asns. 

[0 1 4 8] I^BSli:<toTT*tt]E3tl-C^5jR ( S 

^6 4F^(OilK8 0tC^3ffiffi^€rS5LTlf^:§B6 6 
7^S 3 0 5) , *»flcX»4«e#2 0C*«S*lfc« 
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T/Of 6 4lcJ;£»j*$g6 6l*jO)ttIJIttffi»iKRFS 
[0 14 9] 8i^7l/fcBA"C. f8XtelPI£&2 2 
SSOttST (Xt7^S 3 0 6). 

i*2 0 <h«XttJH^ & 2 2 t^+^CflftSLO^ftl^ 
U mx\tm^±2 2*f«HiLfc«, a^*MCJBK»#X 

u Mfc-eo^jE^gg^^aisf^^T^^T^^-r^ct: io 
2 eas*ttic$«-r*c<k*«-c#*. WKW-ett^ajB 

SSrftffiTTff 5«fc-5lcLfc^. ^ETTfroTfecfc 
[0 15 1] C<7>i:^iC, jS«ffl<!:Jffi»*X««|iBff 2 

EE*ttT**/NRfcr *a«a»*K:*5W" 
[0 15 2] flMEfl-CW:, *H«(OJBn*Hr±"r*fc» ^ 

T£ ^ (I, U*$3g6 6 0±«ffi«C^y*> 7 8 *K» 
S<t5fCL-Ct>«tm B16ASyai6Bi:^ 
U >y«o»S/iu/*> 1 0 0 * 2ftStaic 
lfc/^7^>OT 1 0 2 «r, H 1 7 (l^-rJ:*9tC, ±/1 

AW*>ffl*t 1 0 2 1 0 4tCj8»»^A0iitf 

citc^ o& ma/v* i o oogi^i, 

WIC±^7 4 a75«?St**nTjSIBIH<OJitl^B5iI:$nS JO 

[0 15 3] ffi 2 OSfleWKflSS^affiaia^ 

*««tr^^TH 1 8RZfm 1 9 e#R8Lfea<5K9iT 
fc*3* 0 1 4 tttf&TZ hMZ^^Titmtim&tt 

[0154] do*»wir«5-&«ffiaxs^*3^T 
m'X&me 6K*5it*f ^{8 7 4oH$^(^**s?tc^ 

TS7 4b<D«iiii:si i2^Baaai:ao 40 

*£gB7 4<E>? l 0 J:0*>±<0«# 

*«±S7 4ai^0, 7w;i^«*fl 1 ■O«fc0-fc"F0>88 

n^il 1 2 KgSL-nS, SEJWl 1 2*Hi;fc<t*»cT 

^7 4 b^ffitjanatt^ftait^isfflsns. 
[oi5 5] tit, c^arawicassajuais 

[0 15 6] sr. fit*&§§6 6co±^7 4 arttCglX 
tt£l££2 2<7)*fc£&AL, Ti74 b C7>U 1 12^ 50 
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l>TttT*7 4 bl*I«CriE»*X«4«l»»2 0 £&A"f £ 
(S 4 0 1 ) . 

[0157] ;^{C, HI 12^ffl DTTi 74b 
U UA*P6 0 SrffiSLfca. KSS7 2 

£ffii:Tffl*§g§6 6 ft<nH^\t£fT^T&m'X&%B 
6 6 0>H£7 4 afttf 7 4 brt€rAJE«ffi«cr* 
y^S 4 0 2) , 

[0 15 8] ^<Df£, t-^ 7 0{CiimLT_k^7 4 a 

i*ia>iHxu:ffl*&2 2 zmmmmrz wfyys4o 

3). Cco^^fe^tet:-^ 7 0 ^Oiia^SfUTT/^ 
>^6 4CDjIS§8 OrttC^affioft^^fftLTl^ik^§§6 
6 <D |*j SB £ JO ^r -5 <fc -5 \Z L T t> <£ 
[0159] ±S 74a rtOfflXttffl^ft 2 2 tf>?§»^ 

T^lC^©j^itT±^ 7 4 a rt£»fj£iE STREETS . 
(Xt^v^S 4 0 4). 

[0160] m^mti^o/cJi^ 7 4 aft<Dmx\*m£ 
&2 2<Dmmy} (mmm) \th^7 4 art^BEaicto 

T7^^«ttl 1 0£iibTT^7 4 bflJJCflP LttJ-S 
tiT»TS7 4 brtJC»ASns<i:HPS(C, ^Tt7 4 

brttzKBanfcric«*xttflSiB*2 o iz^mznz. 
[0161] mm&miz*r>x^*bWij£t<tiT^z>m& 

8 0 (Cfeafflflitfls:S8itUTH^C*S6 6 £T^<bJt;£ 
(CfS]^o T?£a£-&£ C chic «fc 0 Ufy^S40 

[0 16 2] 8i3&^7LfcB,fi"C. fflXtt»&&2 2 
2 nfefiEJK«cXtt«iB«: 2 0 6 6 <b 

^oabr wfy^s 4 0 6) . 
[0163] c<D%£M&\\zm2><smmmj:Miz&^x 
m2<DM z &m\z&z><$&:mmj:n£w\miz, &mvi 
x\*m&&2 0 \zmyu*m£& 2 2*3&*«»c$«rs 

[0 16 4] *C m3<75^^^j(C{S^^^ffl^X@(I 
^^T0 2 0&tf!32 1 €#BP,L4^6RWT5, <C 

a 1 4 titers ti<oic^if*T»4Pif?#*eLT-e 
«>ai«iftM*«B»r«. 

[oi6 5] co*3oftffwc»5#ajaaxatt. 
^tss 2 o**«»c«s$afflaxat«aft5ictt«t« 

HCTSS^ S-aiS(ci5^T, fi£^^Xt4S^^2 
0 £ffi?L\*m&& 2 2 t«rflflETXtt«EETTttttS 
it. *0J!SaiaLTttE«Xli«&*2 2*f8«fcr*-ftT 
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[0 16 6] »»WC:(J. I( H? 0\ZjkT&O\Z. m2<D 
*F6 0<Z>Hi*S8 6 4 )V9 5 4 £&A-£-f Id, 

W6S iC2o, m^zm-Ste 2 2 tom-e&x? z>& 
[0167] fit, m3<Dg:&m\zmz>^mmmT.m 

[0 16 8] S**§86 6<Z)*Sffi7 4^(1, T 

TgAt^) Uf7^S 5 0 1). 10 
[0 16 9] #L\Z. fry h^UXme 0 SriSSLifeSt 
7 2*ai;THjk*8 6 6rt<BKffi5l**froT 
Bt»**8 6 6l*l£ftffitt!BK:T* Ut7^S50 
2) . 

[0 17 0] k-* 7 0 t;:il«LTiH*e8 6 

0 3) . £<7>«t:e, sfJteh-^ 7 0^cOilSch»i±TT 
A>^6 40ilSS8 0FMc*ra#UBffi&£^LTS**:^8 
6 6<Dft&£1m&-?Z>&olzLT*><£lK 

[0 17 1] 14* $2*6 6 l*J<Dffl;*teffl^& 2 2<Dmm 20 
m (SHM) ^Br*»K*w»Lfcai*-e. ±A>^6 8 
£T^f;:&ffl£-t±Tlft*^gff6 6rtS:Br3£ffi*"eftiJE-r 
£ Uf7ys 5 0 4) , 

[0 17 2] Bftt£E«Z«tofc«Xtt«i*ft2 2 CDfem® 

«ae»2 otc^ii sns, 

[0 17 3] «r|B]*3Uc<toT : P»IB:ffiSnT^5».« 

(s i c 2 ort^o«iBa<o$ai^§aft«SB<i:snfcw 

3ISS8 0 tr»aifflffi#S:8ELTift^c*8 6 6 £T^<E> 50 

5) , S i C 2 0 JC*«SnfcS»fflS:iBH*-li-*. 
H^7-r-5*-CJi/^>5 t 6 8 i:T^>f 6 4(-J;*il» 
*S8 6 6 rt<Dinffittffiti«#3n5. 

[0 17 4] g@^TlfcP$,S-e. iX«i^2 2 
^«Snfc«»#Xtt««flc2 0Si**5 6 6^b 
KOUBT (Xfy^S 5 0 6) . 

[0 17 5] C<0»iB^fe(wi$^T 5 fo, J**ffXW:«» 

*2o tmx\*m&& 2 2 

SXtt«&4 2 2 t« JB*XH«8* 2 0 40 
Sitfc«88-e»IXtt«*4 2 2t*»Lfc«» »**B 
6 6rt£JnEEtt»<!:U Mi::*©toffitt»£»a»fPSE 
T^^-e»^T^><t ^ICL^^)-C, l&K^f*:* 2 
0(CfBXf;ig?&&2 2 &Stomtt)\Z$iStT&CiitfV£ 

[0 17 6] fflJEW-Cti, fiE«»Xttfiittff 2 0 
SW4B«SXtta*4 2 2(!:Lft^ HiZtt^HEtt 
tit, 0. 0 0 1 w t % — 0. 1 w t %(OC a, A 
g. Cd, Z n, Au, Pd, In, Ga. PL C 
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e, Sn, Mn. P, P b m^fl^&ft ^/u^C^X t> 
[0 17 7] j&SttXM:»l£ft2 OchLTMft 

+nn»»-c*s-v->«*»3 o 2£ttfliu axtii 

2 2j&«J5SJgfleX«S*e*2 ooft^-csaus^. 

[0 17 8] CCT, ricJg»Xtt«US«=2 0(C*5*tSffl 
Xliffl&#2 2<7)a*Hi^©allSi«, *^*X»i«IS* 
2 0 0>BHa7L*Rtf-?-(Oai7LSlC«fcOff -5. 
»ft:X(i«iaft:2 OaJSH^SO. 0 1-lOmmT, 

axtia^^2 2 0>a«*<am<fc0 i bK«)*«&Jctt, 

j*»#Xtt&8«:2 0<B£RmaSi«£ffi#KfcW-£l« 

[0 17 9] #£L<te, J«JBft:X««ieff 2 OCD^R 
mg«igg^»(C^tt^^^7L¥lil 0-5 0%, ¥*3 
WTLStt 1 0 /imJ^iil, M§Sf»aiS«i£a#EJlfl.<B 

[0180] mffiwajL** 5 

X 2 0*<D/^ >?&&lkLM<. 5 0%£0 

±2 mm^t<L&Lft<nffiwzffin&2 2<Dmm 
sx«a^2 2<d& j $>. mtmrn^mcosm/^ 
? * - 9 co$ij mmm ^m*. xmn u t u * a ^ 6 -es 

[0 18 1] fifc»*Xtt«IIS*2 0<OBB«7L**. *E 

[0 18 2] C<D<£?f::f£6n;t£8Xteg^&2 20^ 
*«»3&**-5J«»»Xtt«l«*2 Oli. «Batf*Bfi 
»TMXf;J;ffl&&2 2<Z>«flW<iS^fc«>, b-h->>^7 

[0 18 3] fe*5, dcz)*9ltr«S1«&»»atf-?-oS 

[0 18 4] 



(16) 
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[0185] sfc, ^wizf&zmstm'&zt^&mm. 

[BffianWttK?!] 

[13 2] HI Ic&lt-S I I - I I 8i(?)WeS^, 
[0 3] H1IC*5^-5I I I- I I I $IJtCDgrli0T& 

[B4] ***<0^J8C«a*&»»<Z>«SC»»rffiia-e 

[H5] ^->t«riE-rsfc«)<ogjiittt+m»» <+- 

[16] *->e*itt*«-r»«H-e**, 

M7] mm^7jktmmm'v$>^ 0 

[B9] f^SSt^nfcfig^^ 

[0 10] 0 1 0 Atti«ffiSSOiESS:-B8«WfLT^ 
tlT^ 0, 0 1 0 Btii«flE*gtBlBm*— «5£»rl/T 

[0 11] *§il^<^SMlc^£^^3IXII£^-rxg 
:/n*y ^0T&£„ 
[012181 <D&&Mizmz><a&:JLm$:7r:-?T.m7u 

[0i 3] *2<o£»Miz«s*«xg£7rrxg;/n 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a characteristic 
which is in conformity with the balance between thermal 
expansion coefficient and heat conductivity, which 
balance is required by practical electronic parts(including 
semiconductor device) or the like. 
SOLUTION: A yarn assembly 208 is fabricated by two- 
dimensionally arranging plural yarns 2A, 2B in nearly 
parallel to form yarn arranged bodies 1 A-1F and then 
alternately laminating plural yarn arranged bodies 1A-1F. 
The yarns 2A, 2B are each composed of carbon fiber 
bundles obtained by bundling carbon fibers, e.g. 
hundreds-tens of thousands of fibers having diameters of 




about 10 urn and a carbon component except the carbon r ^T7^" " 7*- 

us 

fiber. The composite material is produced by 3 

impregnating metal matrices containing at least copper 206A, 206B into tube-like open pores 

formed in the yarn assembly 208. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the composite material which 

sank into the mineral matter in the metal, and its manufacture method. 

[0002] 

[Description of the Prior Art] Heat is a powerful enemy and it must be made for internal temperature not 
to have to exceed the maximum permission virtual junction temperature for a semiconductor device 
generally. Moreover, with semiconductor devices, such as a power transistor and a semiconductor 
rectifying device, since the power consumption per area of operation is large, only by the heating value 
emitted from the case (package) of a semiconductor device, or a lead, a generating heating value cannot 
be emitted and there is a possibility of the internal temperature of equipment rising and causing a 
thermal runaway. 

[0003] This phenomenon is the same also in the semiconductor device which carried CPU, and its 
calorific value at the time of operation increases with improvement in a clock frequency, and it is 
becoming a matter with the important thermal design in consideration of thermolysis. 
[0004] In the thermal design in consideration of prevention of the aforementioned thermal runaway etc., 
the element design and packaging design which considered fixing the large heat sink of a heat sinking 
plane product in the case (package) of a semiconductor device are performed. 

[0005] Generally as a material for the aforementioned heat sinks, metallic materials, such as copper with 

good thermal conductivity and aluminum, are used. 

[0006] 

[Problem(s) to be Solved by the Invention] Recently, though a low power drive aiming at a low power is 
aimed at in semiconductor devices, such as CPU and memory, it is in the inclination which the 
semiconductor device itself enlarges with high integration of an element, and expansion-izing of an 
element forming face product. When a semiconductor device is enlarged, the stress produced according 
to the difference of the thermal expansion of a semiconductor base (a silicon substrate and GaAs 
substrate) and a heat sink becomes large, and there is a possibility that the ablation phenomenon of a 
semiconductor device and mechanical destruction may arise. 

[0007] In order to prevent this, realization of a low power drive of a semiconductor device and the 
improvement of heat sink material are mentioned. The low power drive of a semiconductor device 
escapes from the TTL level (5 V) used from the former as supply voltage now, and level not more than 
3.3V is put in practical use. 

[0008] On the other hand, it not only considers thermal conductivity, but as a component of a heat sink, 
silicon, and GaAs and coefficient of thermal expansion which are a semiconductor base carry out 
simultaneously coincidence, and, moreover, selection of material with high thermal conductivity is 
needed. 

[0009] About the improvement of heat sink material, there are an example which there are various 
reports, for example, used alumimium nitride (A1N), an example using Cu(copper)-W (tungsten), etc. 
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Since A1N is excellent in the balance of thermal conductivity and thermal -expansion nature and mostly 
in agreement with especially the coefficient of thermal expansion of Si, it is suitable as heat sink 
material of the semiconductor device using the silicon substrate as a semiconductor base. 
[0010] Moreover, Cu-W is a composite material which combines the low thermal-expansion nature of 
W, and the high temperature conductivity of Cu, and is suitable as a component of the heat sink which 
moreover has a complicated configuration from machining being easy. 

[001 1] moreover, the thing (refer to conventional example 1 :JP,8-279569,A) which 20 - 40 volume % 
came [ thing ] out of Metal Cu to the ceramic base material which makes SiC a principal component 
comparatively, and made it contain as other examples and the powder sintering porosity object which 
consists of a mineral matter -- Cu - 5 - 30wt% what was infiltrated (refer to conventional example 
2:JP,59-228742,A) is proposed 

[0012] Since the heat sink material concerning the aforementioned conventional example 1 is fine- 
particles fabrication of fabricating the green compact of SiC and Metal Cu and producing a heat sink, 
coefficient of thermal expansion and thermal conductivity are strictly theoretical values, and it has the 
problem that balance of the coefficient of thermal expansion and the thermal conductivity which are 
called for with actual electronic parts etc. cannot be obtained. 

[0013] The heat sink material concerning the conventional example 2 has the low ratio of Cu which 
sinks into the powder sintering porosity object which consists of a mineral matter, and has a possibility 
that a limitation may arise when raising thermal conductivity. 

[0014] this invention is made in consideration of such a technical problem, and it aims at offering the 
composite material which can acquire the property which suited the balance of the coefficient of thermal 
expansion and the thermal conductivity which are called for with actual electronic parts (a 
semiconductor device is included) etc., and its manufacture method. 

[0015] Moreover, other purposes of this invention can aim at lubricative improvement, and are to offer a 
composite material utilizable also as sliding material, bearing material, etc., and its manufacture method. 

[0016] Moreover, other purposes of this invention can aim at improvement in cutting ability, and are to 
offer the composite material which can make precision processing of a heat sink, sliding material, and 
bearing material realize, and its manufacture method. 
[0017] 

[Means for Solving the Problem] When the property optimal as heat sink material is explained, first, as a 
required coefficient of thermal expansion The required shell doubled with the coefficient of thermal 
expansion of semiconductor substrates, such as ceramic substrates, such as A1N, and Si, GaAs The range 
of 4.0x1 0-6/degree-C - 9.0x1 0-6/degree C is suitable as an average coefficient of thermal expansion 
from a room temperature to 200 degrees C, and the need of filling the Cu-W material of currently 
possessed and the demand more than equivalent to more than 180 W/mK (room temperature) is suitable 
as required thermal conductivity. 

[0018] The composite material concerning this invention has the mineral matter in which much tubular 
continuous puncturing was formed, and the matrix which consists of a metal with which it sank into the 
aforementioned puncturing of this mineral matter, and which contains copper at least, and is constituted. 
[0019] That is, from being sunk in and constituted, the metal which contains copper in puncturing which 
continued tubular is efficient, and can miss the generated heat outside through the copper of puncturing. 
Consequently, a ceramic substrate, a semiconductor substrate (silicon, GaAs), etc. and coefficient of 
thermal expansion are mostly in agreement, and can obtain thermally conductive good heat sink 
material. 

[0020] Specifically, the heat sink material whose thermal conductivity the average coefficient of thermal 
expansion from a room temperature to 200 degrees C is 4.0x1 0-6/degree-C - 9.0x1 0-6/degree C, and is 
more than 180 W/mK (room temperature) can be obtained. 

[0021] Moreover, composite material can show high lubricity from existence of the metal containing the 
copper with which it sank into the mineral matter, and sinking into puncturing in which this metal was 
formed tubular, and specific resistance can also apply it to sliding material, bearing material, etc. from a 
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bird clapper low. 

[0022] Moreover, since the metal containing copper is formed in tubular puncturing, cutting ability of 
this composite material can improve and it can make precision processing of a heat sink, sliding 
material, and bearing material realize only from a mineral matter. 

[0023] When making it apply to the aforementioned heat sink, sliding material, bearing material, etc., it 
is desirable to make the rate of an open pore of the aforementioned mineral matter before infiltrating the 
aforementioned metal into 10% - 35%. 

[0024] And in the aforementioned composition, the yarn which contains the bunch of a carbon fiber and 
carbon components other than a carbon fiber at least may be together put in three dimensions, the 
aforementioned mineral matter may be constituted from the yarn aggregate united with the grade which 
these yarn does not separate mutually, and the aforementioned puncturing may be constituted as a 
crevice formed between the yarn which adjoins mutually in the aforementioned yarn aggregate. 
[0025] The crevice formed between the yarn which adjoins mutually in the yarn aggregate will 
constitute tubular puncturing. From sinking in, the property which suited the balance of the coefficient 
of thermal expansion and the thermal conductivity which are called for with actual electronic parts (a 
semiconductor device is included) etc. can be acquired, and moreover, the metal which contains copper 
in this puncturing can aim at lubricative improvement, and can utilize also as sliding material, bearing 
material, etc. Moreover, improvement in cutting ability can be aimed at and precision processing of a 
heat sink, sliding material, and bearing material can be made to realize. 

[0026] Moreover, two or more aforementioned yarn is mostly arranged in [ parallel ] two dimensions, 
respectively, and a yam array object is constituted, and the laminating of two or more yarn array objects 
is carried out, and you may make it constitute the yarn aggregate in the aforementioned composition. 
[0027] Moreover, you may make it make the longitudinal direction of each yarn in the adjoining 
aforementioned yarn array object cross mutually in the aforementioned composition. As this degree of 
crossed axes angle, it is a larger angle than 0 degree, for example, there are 15 degrees, 30 degrees, 90 
degrees, or these compound intersections, and it is 90 degrees most preferably. 
[0028] You may make it form the three-dimensions network structure in the aforementioned 
composition, because the aforementioned matrix continues mutually in the aforementioned mineral 
matter. If it sees with one yarn array object by this composition, the metal which contains copper in 
tubular puncturing of a large number arranged by parallel, respectively will take the gestalt to which it 
sank in and the metal with which it these-sank in was connected also in the direction of a laminating of a 
yarn array object, that is, each aforementioned yarn array which the aforementioned matrix is mostly 
arranged by parallel in two dimensions in accordance with each aforementioned yarn array object, and 
adjoins — the aforementioned matrix which sank into the inside of the body serves as a gestalt which 
continued mutually 

[0029] Consequently, the property which suited the balance of the coefficient of thermal expansion and 
the thermal conductivity which are called for with actual electronic parts (a semiconductor device is 
included) etc. can be acquired from heat being transmitted in the three-dimensions network structure, 
and being emitted outside. Moreover, lubricative improvement can be aimed at and it can utilize also as 
sliding material, bearing material, etc. Furthermore, improvement in cutting ability can be aimed at and 
precision processing of a heat sink, sliding material, and bearing material can be made to realize. 
[0030] Next, the 1st process which many manufacture methods of the composite material concerning 
this invention produce a carbon fiber bunch with the carbon fiber, the carbon-powder object, and the 
organic binder of a book, and forms the coat made of a resin in the circumference of this cait>on fiber 
bunch, and produces a yarn construct, The 2nd process which is made to arrange many aforementioned 
yarn constructs and produces an array object, It is characterized by having the 3rd process which is made 
to carry out the laminating of the aforementioned array object, and produces a layered product, the 4th 
process which produces the sintered compact with which pressurization baking of the aforementioned 
layered product was carried out, and much tubular continuous puncturing was formed, and the 5th 
process into which the metal which contains copper in the aforementioned puncturing of the 
aforementioned sintered compact at least is infiltrated. 
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[0031] The composite material which can acquire the property which suited by this the balance of the 
coefficient of thermal expansion and the thermal conductivity which are called for with the electronic 
parts (a semiconductor device is included) of **:practice etc., ** : lubricative improvement can be 
aimed at, improvement in a composite material utilizable also as sliding material, bearing material, etc. 
and **:cutting ability can be aimed at, and it becomes possible to produce easily the composite material 
which can make precision processing of a heat sink, sliding material, and bearing material realize. 
[0032] It sets at the 4th process of the above, and is the aforementioned layered product with a hotpress 
300-2000-degree-C, ordinary-pressure - 500 kgf/cm2 It fabricates under conditions and a Plastic solid is 
produced, and this Plastic solid is calcinated at 600-1200 degrees C in the atmosphere, and you may 
make it produce the aforementioned sintered compact. 

[0033] Moreover, the aforementioned Plastic solid is carbonized at 600-1200 degrees C, it graphitizes at 
1500-3000 degrees C, and you may make it produce the aforementioned sintered compact. As the 
aforementioned carbon fiber, you may use either a pitch based carbon fiber and a PAN system carbon 
fiber and both sides. 

[0034] And in the 5th process of the above, heat the aforementioned sintered compact and the metal 
which contains copper at least in the state where it is not made to contact mutually, contact both in the 
stage which reached predetermined temperature, and the high-pressure force is given immediately. You 
may make it have the sinking-in process which infiltrates the aforementioned metal into the 
aforementioned sintered compact, and the cooling process at which the aforementioned metal cools at 
least the aforementioned sintered compact with which it sank in. 

[0035] Heating not contacting the metal which it is going to infiltrate and which contains copper at least, 
and the sintered compact used as a base material here Components other than the copper in the 
aforementioned metal are prevention or for lessening as much as possible about the good thermally 
conductive fall in which it carries out few as much as possible, or prevention or the copper by generation 
of a reactant has [ be / under / carbon component / of a base material /, and heating / reaction / it ] 
forming the coat which serves as a bad influence for metaled wettability in a base-material front face. 
[0036] The carbon component of a base material heats copper, contacting copper and a base material, 
when the metal reactivity tends to carry out [ a metal ] aforementioned sinking in extremely from the 
first for a low reason is a pure copper, and it is satisfactory even if it carries out melting of the copper. 
[0037] Thus, by heating the metal which it is going to infiltrate and which contains copper at least, while 
having not made the sintered compact used as a base material contact, carrying out contact 
pressurization immediately after melting, and making after sinking in cool promptly Sinking-in 
processing of the aforementioned metal to the sintered compact generally made difficult can be 
performed easily. And the productivity of the heat sink which has the property which suited the balance 
of the coefficient of thermal expansion and the thermal conductivity which the rate of impregnation of 
the aforementioned metal to a sintered compact can be raised, consequently are called for with actual 
electronic parts (a semiconductor device is included) etc. can be raised. 

[0038] The average coefficient of thermal expansion from a room temperature to 200 degrees C is 
2.0x1 0-6/degree-C - 9.0x1 0-6/degree C, and the thermal conductivity of the property which suited the 
balance of the coefficient of thermal expansion and the thermal conductivity which are called for with 
actual electronic parts (a semiconductor device is included) etc. here is more than 180 W/mK (room 
temperature). 

[0039] Moreover, according to the aforementioned manufacture method, lubricative improvement can 
be aimed at and a composite material utilizable also as sliding material, bearing material, etc. and the 
composite material which improvement in cutting ability can be aimed at [ composite material ] and can 
make precision processing of a heat sink, sliding material, and bearing material realize can be obtained. 
[0040] The process which changes the inside of the aforementioned container into negative pressure or 
an ordinary-pressure state after putting the aforementioned sintered compact and the aforementioned 
metal into the same container and arranging the aforementioned metal down [ in the aforementioned 
container ] as the aforementioned sinking-in process, In the process which carries out the heating 
dissolution of the aforementioned metal, and makes the aforementioned metal molten metal, and the 
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stage to which the aforementioned molten metal reached predetermined temperature You may make it 
have the process which the aforementioned container is revolved [ process ] and makes the 
aforementioned sintered compact immersed into the aforementioned molten metal in this container, and 
the process which infiltrates the aforementioned molten metal into a sintered compact by introducing the 
gas for sinking in in the aforementioned container, and pressurizing the inside of the aforementioned 
container. 

[0041] That is, after putting in in a container the aforementioned metal with which it sinks into a 
sintered compact and this sintered compact, sealing it and carrying out vacuum length, a copper or 
copper alloy side is carried out caudad, and is heated. The aforementioned metal is contacted to a 
porosity sintered compact by revolving 180 degrees of containers and making the upper and lower sides 
reverse in the stage which the aforementioned metal dissolved and reached predetermined temperature. 
And the aforementioned metal will sink in into a sintered compact by pressurizing the inside of a 
container at high pressure. 

[0042] Moreover, the process which changes the inside of this container into negative pressure or an 
ordinary-pressure state after putting the aforementioned metal and the aforementioned sintered compact 
by which melting was carried out beforehand into the same container as the aforementioned sinking-in 
process and arranging the aforementioned molten metal down [ in the aforementioned container ], The 
process in which the aforementioned molten metal revolves the aforementioned container and makes the 
aforementioned sintered compact immersed into the aforementioned molten metal in this container in 
the stage which reached predetermined temperature, and by introducing the gas for sinking in in the 
aforementioned container, and pressurizing the inside of the aforementioned container You may make it 
have the process which infiltrates the aforementioned molten metal into a sintered compact. 
[0043] That is, the aforementioned metal is contacted to a sintered compact by putting in the 
aforementioned metal which carried out melting beforehand in the container with which the sintered 
compact was installed, revolving 180 degrees of containers and making the upper and lower sides 
reverse in the stage which reached predetermined temperature. And the aforementioned metal will sink 
in into a sintered compact by pressurizing the inside of a container at high pressure. 
[0044] Moreover, as a pressure to give, it is 10 kgf/cm2. It is 1000 kgf/cm2 above. It is the following 
and they are 50 kgf/cm2 preferably. It is 200 kgf/cm2 above. It is the following and they are 100 
kgf/cm2 still more preferably. It is 150 kgf/cm2 above. It is the following. 

[0045] In this case, the grant time of the aforementioned pressure is 10 seconds or more and 30 minutes 
or less, and is 2 minutes or more and 10 minutes or less desirably. 

[0046] Moreover, the aforementioned predetermined temperature is temperature higher 10 degrees C - 
250 degrees C than the melting point of the aforementioned metal which it is going to infiltrate, and is 
desirable temperature higher 50 degrees C - 200 degrees C than the aforementioned melting point. In 
this case, it is desirable to perform heating of the aforementioned metal into which a sintered compact 
should be infiltrated in the vacuum of 1 or less Ton*. 

[0047] In addition, as a rate of an open pore of the aforementioned sintered compact before infiltrating 
the aforementioned metal, it is desirable that it is 10% - 35%. 

[0048] Moreover, you may be made to perform 1 - 10vol% nickel plating to the aforementioned sintered 
compact beforehand. In this case, the wettability of a sintered compact and the aforementioned metal 
can improve and it can make it realize to sink in by the low voltage force. 1 - 5vol% of the amount of the 
aforementioned nickel plating is desirable. As nickel plating here, the plating of nickel-P and the plating 
of nickel-B are included, for example. 

[0049] And the process which revolves the aforementioned container and separates the aforementioned 
sintered compact after sinking in, and non-sinking in residual molten metal as the aforementioned 
cooling process, The process which extracts the aforementioned gas for sinking in in the aforementioned 
container, and you may make it have the process which introduces the gas for cooling promptly and 
cools the inside of a container, revolves the aforementioned container, and separates the aforementioned 
sintered compact after sinking in, and non-sinking in residual molten metal, You may make it have the 
process which cools the inside of the aforementioned container by cooling the aforementioned container 
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and making gold contact. 

[0050] As for the cooling rate in the aforementioned cooling process, it is desirable to carry out in -400 
degrees C/hour or more from the temperature at the time of sinking in to 800 degrees C, and it is -800 
degrees C/hour or more more preferably. 

[0051] Moreover, the process which changes the aforementioned sintered compact and the 
aforementioned metal of each other into negative pressure or an ordinary-pressure state in the state of 
non-contact as the aforementioned sinking-in process, The process which heats the aforementioned 
sintered compact and the aforementioned metal to predetermined temperature under negative pressure or 
an ordinary pressure, and fuses the aforementioned metal, The process which sets the aforementioned 
molten metal in the pressurization state, and the sintered compact under the molten metal under the 
aforementioned pressurization, the aforementioned negative pressure, or an ordinary pressure it contacts 
promptly -- making ~ and a pressurization state ~ setting -- the bottom of pressurization -- the 
aforementioned sintering - it is made to have the process which infiltrates the aforementioned molten 
metal into the inside of the body, and you may make it the aforementioned molten metal cool the 
aforementioned sintered compact with which it sank in under the aforementioned pressurization in a 
cooling process 

[0052] In this case, after heating fully deaerating the aforementioned sintered compact and the 
aforementioned metal and fusing a metal, when contacting promptly, and considering as a pressurization 
state and holding a pressurization state further till the completion of cooling operation, the 
aforementioned molten metal can be efficiently sunk into the aforementioned sintered compact. 
[0053] in the aforementioned manufacture method, the sintered compact and molten metal which were 
heat-treated in the state of non-contact under negative pressure or the ordinary pressure are set in both 
the pressurization state, and it contacts promptly after that -- making - the aforementioned sintering -- it 
is suitable if the aforementioned metal is infiltrated into the inside of the body 
[0054] Thereby, after setting under a pressurization state also about the aforementioned sintered 
compact with the aforementioned molten metal, by performing contact and sinking-in operation, the 
failure of pressure at the time of contacting both can be made into the minimum, and the pressurization 
state at the time of sinking-in operation can be held good. 

[0055] Moreover, the process which arranges the aforementioned sintered compact and the 
aforementioned metal in the aforementioned sinking-in process, respectively to the loculus of the upper 
and lower sides of the same container divided into two rooms with the porosity filter, seals the 
aforementioned container, and makes each loculus negative pressure or an ordinary-pressure state, The 
process which heats vertical both loculus to predetermined temperature under negative pressure or an 
ordinary pressure, and fuses the aforementioned metal, Lower loculus are made into a pressurization 
state, after making the molten metal of the process which sets only an above top room in the 
pressurization state, and the upper loculus under the aforementioned pressurization permeate lower 
loculus through the aforementioned porosity filter and contacting it to the aforementioned sintered 
compact under negative pressure or an ordinary pressure promptly. It is made to have the process which 
infiltrates the aforementioned molten metal into the aforementioned sintered compact under 
pressurization, and you may make it the aforementioned molten metal of the bottom room of the above 
cool the aforementioned sintered compact with which it sank in under the aforementioned pressurization 
state in the aforementioned cooling process. 

[0056] In this case, since the pressure control of the upper loculus which have arranged the 
aforementioned metal by using a porosity filter, and the lower loculus which have arranged the 
aforementioned sintered compact can be carried out independently, respectively, it uses, and quickly, it 
can decompress and a predetermined pressure-control mechanism can be pressurized. 
[0057] About the aforementioned sintered compact of the bottom room of the above, the aforementioned 
molten metal can be held and deaerated in negative pressure or the ordinary-pressure state, until just 
before sinking in. Furthermore, pressure control can perform easily contact to the aforementioned 
molten metal and the aforementioned sintered compact, and sinking-in operation through a porosity 
filter. Moreover, in this case, since both loculus have prepared the pressure differential beforehand, they 
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can carry out filtering of the aforementioned molten metal quickly. 

[0058] Here, about a porosity filter, especially if it has the porosity of the grade which molten metal 
permeates under pressurization, without permeating under an ordinary pressure, material cannot be 
limited, and a punching metal or an alumina cloth of a carbon cloth and a stainless steel system etc. can 
be used suitably. 

[0059] In addition, by making into negative pressure the pressure of the upper loculus which have 
arranged the aforementioned metal as a sinking-in process about the pressure of the loculus of the upper 
and lower sides of the same container divided into two rooms with the porosity filter from the lower 
loculus which have arranged the aforementioned sintered compact If molten metal prevents from 
passing a porosity filter, when using a filter, it becomes unnecessary to take into consideration the 
wettability of molten metal and a porosity filter as mentioned above, and the flexibility of material 
selection can be raised. 

[0060] Moreover, the process which arranges the aforementioned sintered compact and the 
aforementioned metal as the aforementioned sinking-in process, respectively to the loculus of the upper 
and lower sides of the same container divided into two rooms with the porosity filter, seals the 
aforementioned container, and makes each loculus negative pressure or an ordinary -pressure state, The 
process which heats vertical both loculus to predetermined temperature under negative pressure or an 
ordinary pressure, and fuses the aforementioned metal, The pressure of the process which sets vertical 
both the aforementioned loculus in the pressurization state, and the upper loculus under the 
aforementioned pressurization is made still higher than the pressure of lower loculus. Make it have the 
process which infiltrates the aforementioned molten metal into the inside of the body, and it sets at the 
aforementioned cooling process, the aforementioned sintering under the pressurization after making 
molten metal permeate lower loculus through the aforementioned porosity filter and contacting it to the 
aforementioned sintered compact promptly ~ You may make it the aforementioned molten metal of 
lower loculus cool the aforementioned sintered compact with which it sank in under the aforementioned 
pressurization. 

[0061] In this case, after setting under a pressurization state also about the aforementioned sintered 
compact with the aforementioned molten metal, by performing contact and sinking-in operation, the 
failure of pressure at the time of contacting both can be made into the minimum, and the pressurization 
state at the time of sinking-in operation can be held good. 

[0062] In this invention, it faces carrying out sinking-in processing of the metal which contains copper 
in the sintered compact used as a base material at least, and while the press processing from both upper 
and lower sides performs the process made into a pressurization state, the indirect cooling processing 
from the lower loculus circumference can perform a cooling process. 

[0063] By the manufacture method concerning this invention, while being able to perform pressure 
control more quickly, the pressurization state at the time of sinking-in operation can be held good. 
[0064] moreover, the manufacture method concerning this invention contacts the sintered compact used 
as a base material, and the metal which contains copper at least under negative pressure or an ordinary 
pressure in the 5th process of the above making -- heat-treating -- the aforementioned metal — fusing - 
- an after that and pressurization state - setting -- prompt - the aforementioned sintering -- it has the 
sinking-in process which infiltrates the aforementioned metal into the inside of the body, and the cooling 
process at which the aforementioned metal cools at least the aforementioned sintered compact with 
which it was sunk in 

[0065] Sinking-in processing of the aforementioned metal to the sintered compact generally made 
difficult by this can be performed easily, and, moreover, the rate of impregnation of the aforementioned 
metal to a sintered compact can be raised. Consequently, ** : The composite material which can acquire 
the property which suited the balance of the coefficient of thermal expansion and the thermal 
conductivity which are called for with actual electronic parts (a semiconductor device is included) etc., 
** : lubricative improvement can be aimed at, improvement in a composite material utilizable also as 
sliding material, bearing material, etc. and **:cutting ability can be aimed at, and it becomes possible to 
produce easily the composite material which can make precision processing of a heat sink, sliding 
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material, and bearing material realize. 

[0066] And the process which sets the aforementioned sintered compact and the aforementioned metal 
in negative pressure or the ordinary -pressure state in the state where it was made to contact mutually, as 
the aforementioned sinking-in process, The process which heats the aforementioned sintered compact 
and the aforementioned metal to predetermined temperature under negative pressure or an ordinary 
pressure, and fuses the aforementioned metal, The process which sets the aforementioned molten metal 
in the pressurization state, and the sintered compact under the molten metal under the aforementioned 
pressurization, the aforementioned negative pressure, or an ordinary pressure it contacts promptly - 
making — and a pressurization state - setting - the bottom of pressurization -- the aforementioned 
sintering it is made to have the process which infiltrates the aforementioned molten metal into the 
inside of the body, and you may make it the aforementioned molten metal cool the aforementioned 
sintered compact with which it sank in under the aforementioned pressurization in the aforementioned 
cooling process 
[0067] 

[Embodiments of the Invention] Hereafter, the example of a form of operation of the composite material 
concerning this invention and its manufacture method is explained, referring to drawing 1 - drawing 21 . 

[0068] The tubular continuous puncturing 202 (refer to drawing 9 ) has the formed mineral matter 20 
and the matrices 206A and 206B which consist of a metal with which it sank into the puncturing 202 of 
this mineral matter 20, and which contains copper at least, and the composite material 200 concerning 
the form of this operation is constituted, as shown in drawing 1. 

[0069] This mineral matter 20 is the material of the new concept which added the improvement to the 
fundamental composition on the basis of the so-called C/C composite. 

[0070] As a C/C composite, a diameter the carbon fiber around 10 micrometers usually By bundling tens 
of thousands of [ hundreds of - ], forming a fiber bundle, arranging this fiber bundle in-dimensional [ 2 ] 
or the direction of three dimensions, considering as a ** sheet (UD sheet) or various crosses on the other 
hand, and carrying out the laminating of the aforementioned sheet or the cross The preforming object 
(fiber preforming) of a predetermined configuration is formed, inside this preforming object by the CVI 
method (Chemical Vapor Infiltration : the chemical gaseous-phase sinking-in method), the inorganic- 
polymer sinking-in sintering process, etc. What was constituted by forming the matrix which consists of 
carbon is known. 

[0071] A specific new fiber-composite material is used for the form of this operation as a mineral matter 
20, the C/C composite is used for this fiber-composite material as a base material, and it has the big 
feature that the structure of the carbon fiber is held without being destroyed. 
[0072] Namely, the mineral matter 20 of the composite material 200 concerning the form of this 
operation It has the yarn aggregate 208 and is constituted, this yarn aggregate 208 The laminating of two 
or more yarn array objects 1 A- IF is carried out, and they are constituted, one yarn array object (for 
example, 1 A) Two or more [ about ], mostly, yarn 2 A containing the bunch of the carbon fiber by which 
it comes to bundle hundreds of - about tens of thousands of carbon fibers before and behind the diameter 
of 10 micrometers, for example, and carbon components other than a carbon fiber is arranged by parallel 
in two dimensions, and is constituted. 

[0073] That is, the mineral matter 20 of the composite material 200 concerning the form of this 
operation will have the laminated structure to which the laminating of two or more yarn array objects 
1 A- IF was carried out toward ** on the other hand. 

[0074] In this case, it is that the longitudinal direction of each yarn 2 A in an adjoining yarn array object 
(for example, 1 A and IB) and 2B crosses mutually preferably especially. As this degree of crossed axes 
angle, it is a larger angle than 0 degree, for example, there are 15 degrees, 30 degrees, 90 degrees, or 
these compound intersections, and it is 90 degrees most preferably. 

[0075] If it explains based on drawing 2 and drawing 3 , the frame of a mineral matter (fiber-composite 
material) 20 is constituted by the yarn aggregate 208, and this yarn aggregate 208 carries out the 
laminating of two or more yarn array objects 1 A-1F in the vertical direction, and is constituted. In each 
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yarn array objects 1 A-1F, each yarn 2 A and 2B are arranged respectively in two dimensions, and the 
longitudinal direction of each yarn 2A and 2B is made almost respectively parallel. The longitudinal 
direction of each yarn 2A in each yarn array objects 1 A-1F which adjoin each other in the vertical 
direction, and 2B lies at right angles. 

[0076] That is, the longitudinal direction of each yarn 2 A of each yarn array objects 1 A, 1C, and IE is 
mutually parallel, and lies at right angles to the longitudinal direction of each yarn 2B of each yarn array 
objects IB, ID, and IF. 

[0077] And the yarn aggregate 208 of a three dimensional lattice configuration is constituted by on the 
other hand carrying out the laminating of two or more aforementioned yarn array objects 1 A-1F to **. 
Each yarn 2A and 2B are crushed in a pressing process which is mentioned later, and have abbreviation 
ellipse type. 

[0078] the yarn (2 A, 2 A) which adjoins mutually by such composition in the yarn aggregate 208 from 
which the mineral matter 20 of the composite material 200 concerning the gestalt of this operation 
constitutes this mineral matter 20 — a crevice will be formed for and (2B, 2B) in between This crevice 
will be formed along with yarn 2A and 2B, and will constitute the so-called tubular puncturing 202 
(refer to drawing 9 ) which continued from the start edge to termination. Since it will be in the state 
where it was open for free passage, respectively to the tubular puncturing 202 of a large number formed 
in another yarn array object (for example, IB) about one yarn array object (for example, 1 A) with which 
much tubular puncturing 202 of a book adjoins this yarn array object (for example, 2A) further, 
puncturing 202 will form the three-dimensions network structure which continues mutually in a mineral 
matter 20. 

[0079] And in the countless tubular puncturing 202 formed in the yarn aggregate 208 from which the 
composite material 200 concerning the gestalt of this operation constitutes the aforementioned mineral 
matter 20, it will sink in and the matrices 206A and 206B which consist of a metal which contains 
copper at least will be constituted. As mentioned above, in order that puncturing 202 the very thing may 
form the three-dimensions network structure which continues mutually in a mineral matter 20, the 
matrices 206A and 206B into which it sank and which contain copper at least will also have the three- 
dimensions network structure in a mineral matter 20. Especially when each yarn 2 A in the adjoining 
yarn array objects 1 A-1F and the degree of crossed axes angle of 2B are about 90 degrees, the 
aforementioned matrices 206A and 206B will form a three dimensional lattice. 
[0080] That is, in each yarn array objects 1 A, 1C, and IE, the gap of each adjacent yarn 2A is filled up 
with matrix 206A, and each matrix 206A is prolonged in it and parallel along the front face of yarn 2A. 
In each yarn array objects IB, ID, and IF, the gap of each adjacent yarn 2B is filled up with matrix 
206B, and each matrix 206B is prolonged in it and parallel along the front face of yarn 2B. 
[0081] Each matrices 206A and 206B are long and slender respectively along the front face of yarn 2A 
and 2B, and are preferably prolonged in the shape of a straight line, and each matrices 206A and 206B 
lie at right angles mutually among adjoining yarn array object 1 A - IF. And matrix 206A in the yarn 
array objects 1 A, 1C, and IE and matrix 206B in the yarn array objects IB, ID, and IF which intersect 
perpendicularly with this are continuing in the gap portion of yarn 2A and 2B, respectively. 
Consequently, Matrices 206A and 206B will form a three dimensional lattice as a whole. 
[0082] Here, although the gap of adjacent each yarn 2 A and 2B may be filled up with Matrices 206A 
and 206B 100%, when Matrices 206 A and 206B are filled up with the part among the gaps of each yarn 
2A and 2B, it contains. Moreover, carbon components other than the carbon fiber in yarn 2A and 2B are 
preferably in the end of a carbon powder, and are in the end of a carbon powder it graphitized preferably 
especially. 

[0083] Thus, from sinking in and the matrices 206A and 206B which consist of a metal which contains 
copper in the puncturing 202 which continued tubular at least being constituted, the composite material 
200 concerning the gestalt of this operation is efficient, and can miss the generated heat outside through 
the matrices 206A and 206B of puncturing 202. Consequently, a ceramic substrate, a semiconductor 
substrate (silicon, GaAs), etc. and coefficient of thermal expansion are mostly in agreement, and can 
obtain thermally conductive good heat sink material. 
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[0084] Specifically, the heat sink material whose thermal conductivity the average coefficient of thermal 
expansion from a room temperature to 200 degrees C is 2.0xlO-6/degree-C - 9.0x1 0-6/degree C 3 and is 
more than 180 W/mK (room temperature) can be obtained. 

[0085] Moreover, moreover specific resistance is also low and it can be made for lubricity high from 
sinking into the puncturing 202 in which existence of the matrices 206A and 206B which consist of a 
metal with which the aforementioned composite material 200 sank into the mineral matter 20, and which 
contains copper at least, and these matrices 206A and 206B were formed tubular to be shown, and to 
apply to sliding material [ from a bird clapper ], and bearing material etc. 

[0086] Moreover, since the matrices 206A and 206B which consist of a metal which contains copper at 
least are formed in the tubular puncturing 202, cutting ability of this composite material 200 can 
improve, and it can make precision processing of a heat sink, sliding material, and bearing material 
realize only from a mineral matter 20. 

[0087] When making it apply to the aforementioned heat sink, sliding material, bearing material, etc., it 
is desirable to make the rate of an open pore of the aforementioned mineral matter 20 before infiltrating 
the aforementioned matrices 206 A and 206B into 10% - 35%. The measuring method of the rate of an 
open pore is as follows. (Measuring method of the rate of an open pore) 
Rate (%) of open pore =[(W3-W1 )/(W3-W2)] xlOO (based on the Archimedes method) 
Dry weight (Wl) : Carry out lhr dryness in 100-degree C oven, and an after that weighing capacity 
underwater weight (W2):sample is boiled. In the composite material 200 which starts weighing capacity 
and the gestalt of this operation in the atmosphere in the sample which made water invade completely 
into an open pore, and made water invade completely into a weighing capacity drinking water weight 
(W3):open pore underwater It turns out that it is held without matrix 206B's hardly existing in the 
portion of the carbon fiber which constitutes each yarn (for example, 2B), but destroying the structure of 
this carbon fiber as shown in the typical cross section of drawing 4 . Thereby, the shock resistance of a 
mineral matter, intensity, high lubricity, and abrasion resistance can be maintained. 
[0088] In order that the puncturing 202 into which wettability with a mineral matter 20 (C/C composite) 
is bad, and copper does not sink may generally tend to remain as the aforementioned copper although 
thermal conductivity is highly good when a commercial pure copper is used, it is desirable to raise rate 
of impregnation by addition of Be, aluminum, Si, Mg, Ti, nickel, etc. In this case, the copper component 
may contain unescapable impurities, such as Ag, Cd, Zn, Au, Pd, In, Ga, Pt, Cr, germanium, Rh, Sb, Ir, 
Co, As, Zr, Fe, Sn, Mn, P, and Pb, and gas constituents in the range to 1%, including Be, aluminum, Si, 
Mg, Ti, and nickel one or more kinds. When the amount of the aforementioned additive becomes 1% or 
more, decline in thermal conductivity becomes large and it becomes impossible however, to acquire the 
effect by addition. 

[0089] Here, although the additive to the copper which it is going to infiltrate was specified, various 
surface treatment may be performed to the carbon component of the base material as a sunk in object, 
and wettability may be raised to it. for example, by low voltage, copper induces it silicon by forming a 
silicon coat in the front face of the carbon component of a base material, and subsequently sinking in 
copper (guidance) having - a base material - until osmosis is carried out deeply even if silicon has 
covered the carbon component of a base material imperfectly at this time - copper enough -- a base 
material - since until attraction (guidance) is carried out deeply, as compared with the case where 
silicon does not exist, it is low voltage more and copper can be certainly sunk into a base material 
[0090] Next, it explains, referring to drawing 5 - drawing 21 about the manufacture method of the 
composite material 200 concerning the gestalt of this operation. 

[0091] First, as shown in drawing 5 , the bunch 300 of a carbon fiber is produced by making the 
powdered binder pitch which finally serves as a matrix, and corks include to the bunch of a carbon fiber, 
and making phenol resin powder etc. contain if needed further. Then, the flexibility middle material 
(yarn construct) 302 for forming the flexible coat which becomes the circumference of the bunch 300 of 
a carbon fiber from thermoplastics, and constituting yarn is obtained. 

[0092] Then, connecting two or more yarn constructs 302 with the string 304 made from plastics, as 
shown in drawing 6 , it arranges in two dimensions and the yarn array object 306 is produced (refer to 
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Japanese-Patent- Application-No. No. 231791 [ 63 to ] specification). 

[0093] Then, making two or more yarn array objects 306 cross, respectively, as shown in drawing 7 , the 
laminating of the initial complement is carried out and one layered product 308 is produced. 
[0094] Then, as shown in drawing 8 , the aforementioned layered product 308 is supplied in hotpress 
equipment 310. This hotpress equipment 310 has the heater 316 for giving heat to the layered product 
308 in the punch 312 and the female mold 314, and pressurization process for pressurizing the supplied 
layered product 308 from the upper and lower sides, and is constituted. 

[0095] With the gestalt of this operation, Plastic solid 20 (mineral matter) shown in drawing 9 is 
obtained by fabricating the aforementioned layered product 308 within hotpress equipment 3 10 in the 
bottom of the conditions of temperature [ of 300-2000 degrees C (this example 600 degrees C) ], 
ordinary-pressure - 500 kg/cm2 (this example 300 kg/cm2). That is, Plastic solid 20 in which the tubular 
puncturing 202 was formed in the shape of a three-dimensions mesh in this stage will be produced. 
[0096] As a work thrown into subsequent sinking-in down stream processing, it may be good also as 
aforementioned Plastic solid 20, and the sintered compact which carbonized this Plastic solid 20 at 700- 
1200 degrees C if needed is sufficient. Moreover, the sintered compact which made the sintered compact 
which made Plastic solid 20 graphitize at 1500-3000 degrees C, or the sintered compact by which 
carbonization was carried out [ aforementioned ] graphitize at 1500-3000 degrees C is sufficient. 
Therefore, the following explanation describes the mineral matter 20 shown in drawing 9 a Plastic solid 
or a sintered compact 20. 

[0097] Here, the aforementioned carbon fiber may use a petroleum pitch or a coal tar pitch as a raw 

material, and which thing of fire-resistance-izing and the PAN system carbon fiber carbonized and 

obtained is sufficient as it in adjustment, the melt spinning, non-deliquesce, the pitch based carbon fiber 

carbonized and obtained, and acrylonitrile (**) polymer fiber of the pitch for spinning. 

[0098] As a carbon precursor required for formation of the matrix of the yarn construct 302, although 

thermosetting resin, such as phenol resin and an epoxy resin, and tar, a pitch, etc. are used, these may 

contain corks, a metal, metallic compounds, inorganic, and the organic compound. 

[0099] Then, the composite material 200 which copper or a copper alloy is infiltrated through sinking-in 

down stream processing mentioned later into the tubular puncturing 202 in a Plastic solid or a sintered 

compact 20, and starts the gestalt of this operation is produced. 

[0100] Next, it explains, referring to drawing 10 A - drawing 21 about some examples of sinking-in 
down stream processing. 

[0101] First, both sinking-in down stream processing concerning the 1st and 2nd examples is roughly 
divided, and consists of a sinking-in process and a cooling process. It is the process which a sinking-in 
process heats the Plastic solid or the sintered compact 20 used as a base material, copper, or a copper 
alloy in the state where of it is not made to contact mutually, contacts both in the stage which reached 
predetermined temperature, gives [ process ] the high-pressure force immediately, and infiltrates the 
aforementioned copper or a copper alloy into the aforementioned Plastic solid or a sintered compact 20, 
and a cooling process is the process at which the aforementioned copper or a copper alloy cool the 
aforementioned Plastic solid or the sintered compact 20 with which it was 

[0102] First, sinking-in down stream processing concerning the 1st example is performed by using a 
high pressure vessel 30, as the example is shown in drawing 10 A and drawing 10 B. The axis of 
rotation 38 is formed in a part for the simultaneously center section of the both-sides boards 34 and 36 in 
the angle tubed case 32, respectively, and this high pressure vessel 30 can rotate now case 32 the very 
thing focusing on this axis of rotation 38. 

[0103] In the case 32, the heater 42 for heating the fireproof container 40 and this fireproof container 40 
is formed. The fireproof container 40 has the angle tubed configuration of having a centrum 44, and the 
opening 46 which is open for free passage to a centrum 44 is formed in a part for the height direction 
center section in one side. The molten metal of the copper which is sinking-in material, the lump of a 
copper alloy 22, copper, or a copper alloy 22 is held in one centrum (it is hereafter described as 1st room 
44a) focusing on opening 46 among centrums 44. Even if two or more the Plastic solids or sintered 
compacts 20 whose centrum (it is hereafter described as 2nd room 44b) of another side is a sunk in 
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sample are attached and 2nd room 44b is located up, the support mechanism of a Plastic solid or a 
sintered compact 20 is established so that a Plastic solid or a sintered compact 20 may not fall. In 
addition, a heater 42 is 100 kgf7cm2. It considers as the structure which is not destroyed under the high- 
pressure force. 

[0104] Moreover, the inlet pipe 48 for vacuum length, and the introductory pipe 50 and delivery tube 52 
of the gas for high-pressure force grant and the gas for cooling are prepared in the aforementioned high 
pressure vessel 30. 

[0105] Next, it explains, referring to drawing 1 1 about the sinking-in process and cooling process using 
the aforementioned high pressure vessel 30. A sinking-in process is performed by stepping on the 
following processes. 

[0106] First, a high pressure vessel 30 is made into an initial state, and 1st room 44a of the fireproof 
container 40 prepared in the high pressure vessel 30 is located caudad (Step SI). 
[0107] Then, the lump of a Plastic solid or a sintered compact 20, copper, or a copper alloy 22 is put in 
in the fireproof container 40 of a high pressure vessel 30, the lump of copper or a copper alloy 22 is 
stationed in 1st room 44a of the fireproof container 40, and a Plastic solid or a sintered compact 20 is set 
to 2nd room 44b (Step S2). Then, after sealing a high pressure vessel 30 (and fireproof container 40), 
vacuum length in a high pressure vessel 30 is performed through an inlet pipe 48, and the inside of this 
high pressure vessel 30 is changed into a negative pressure state (Step S3). 

[0108] Then, it energizes at a heater 42 and the heating dissolution of the copper or the copper alloy 22 
of 1st room 44a is carried out (step S4). The following explanation describes "melting copper" the 
copper or the copper alloy 22 by which the heating dissolution was carried out for convenience. 
[0109] Then, 180 degrees of high pressure vessels 30 are turned in the stage to which the melting copper 
in 1st room 44a reached predetermined temperature (Step S5). Since 1st room 44a is located up by this 
revolution operation, the melting copper in 1st room 44a falls in 2nd room 44b caudad located with a 
self-weight, and will be in the state where the Plastic solid or the sintered compact 20 was dipped in 
melting copper in this stage. 

[01 10] Then, the gas for sinking in is introduced in a high pressure vessel 30 through the gas 
introduction pipe 50, and the inside of this high pressure vessel 30 is pressurized (Step S6). By this 
pressure treatment, the aforementioned melting copper will sink in into the open-pore section of a Plastic 
solid or a sintered compact 20. 

[01 1 1] When the aforementioned sinking-in process is completed, it shifts to a cooling process 
immediately. This cooling process turns the 180 degrees of the aforementioned high pressure vessels 30 
again first (Step S7). By this revolution operation, since 1st room 44a is located caudad, the melting 
copper in 2nd room 44b will fall in 1st room 44a again. The melting copper to which some melting 
copper falls to 1st room 44a located caudad by the pressure treatment (sinking-in processing) in the 
aforementioned step S6 from sinking in into the open pore of a Plastic solid or a sintered compact 20 is 
residual melting copper with which it did not sink into a Plastic solid or a sintered compact 20. In the 
stage to which residual melting copper fell in 1st room 44a, the Plastic solid or sintered compact 20 with 
which melting copper sank in will remain in 2nd room 44b. 

[01 12] Then, the gas for cooling is introduced in a high pressure vessel 30 through the gas introduction 
pipe 50 at the same time it exhausts the gas for sinking in in a high pressure vessel 30 through the gas 
delivery tube 52 (Step S8). The gas for cooling circulates through the inside of a high pressure vessel 30 
uniformly, and a high pressure vessel 30 is quickly cooled by exhaust air of this gas for sinking in, and 
introduction of the gas for cooling. The copper or the copper alloy 22 into which it sank is firmly held at 
a Plastic solid or a sintered compact 20 from the melting copper with which it sank into the 
aforementioned Plastic solid or the sintered compact 20 solidifying and carrying out cubical expansion 
to the lump of copper or a copper alloy 22 quickly by this prompt cooling. 

[01 13] It is the stage which processing at the aforementioned step S7 ended, and a high pressure vessel 
30 or melting copper cools the Plastic solid or sintered compact 20 with which it sank in, and gold is 
made to contact, as drawing 1 1 is shown within the limit of an alternate long and short dash line as other 
cooling processes (step S9). A Plastic solid or a sintered compact 20 will be quickly cooled by this 
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contact which it cools and is in gold. In this cooling process, it may be made to carry out, cooling and 
carrying out water cooling of the gold, and may be made to carry out by carrying out and installing gold 
in the cold or the place distant from the heating object. It is better to have considered the feeding effect 
and to cool especially. 

[0114] Thus, the copper to the Plastic solid or sintered compact 20 generally made difficult by stepping 
on the aforementioned sinking-in process and a cooling process or sinking-in processing of a copper 
alloy 22 can be performed easily. And the copper to a Plastic solid or a sintered compact 20 or the rate 
of impregnation of a copper alloy 22 can be raised. The property which suited the balance of the 
coefficient of thermal expansion and the thermal conductivity which are called for with actual electronic 
parts (a semiconductor device is included) etc., i.e., the average coefficient of thermal expansion from a 
room temperature to 200 degrees C, at 2.0x1 0-6/degree-C - 9.0x1 0-6/degree C And thermal conductivity 
can raise the productivity of the heat sink 10 which has more than 180 W/mK (room temperature). 
[0115] Moreover, a dynamic friction coefficient can be as low as 0. 1-0.03, can show high lubricity, and 
can also make specific resistance apply to sliding material, bearing material, etc. from a bird clapper 
low. Furthermore, since cutting ability improves, precision processing of moving parts, such as a heat 
sink and a piston in sliding material and bearing material, or an automobile engine, can be made to 
realize. 

[0116] In the aforementioned step S4, when energizing at a heater 42 and carrying out the heating 
dissolution of the copper or the copper alloy 22 of 1st room 44a, the predetermined temperature (heating 
temperature) which shifts to Step S5 has good temperature high 10 degrees C - 250 degrees C, and its 
desirable temperature higher 50 degrees C - 200 degrees C than the aforementioned melting point is 
more desirable than the melting point of copper or a copper alloy 22. In this case, it is desirable to make 
the inside of a high pressure vessel 30 into the vacuum of 1 or less Ton*. 

[0117] Moreover, as a pressure given to a high pressure vessel 30 by introducing the gas for sinking in 
in a high pressure vessel 30 in the aforementioned step S6, it is 10 kgf/cm2. It is 1000 kgf/cm2 above. It 
considers as the following. In this case, 50 kgf/cm2 It is 200 kgf/cm2 above. The following is desirable 
and they are 100 kgf/cm2 more preferably. It is 150 kgf/cm2 above. It is the following. 
[0118] Moreover, the grant time of the pressure to a high pressure vessel 30 has 10 seconds or more and 
30 good minutes or less, and 2 minutes or more and its 10 minutes or less are desirably desirable. 
[0119] In addition, as pore of a Plastic solid or a sintered compact 20, 90% or more of things whose 
average diameter is 5 micrometers - 200 micrometers exists, and it is desirable for porosity to be lOvol 
(s)%-35vol%. 

[0120] And wettability improvement with a Plastic solid or a sintered compact 20, copper, or a copper 
alloy 22 is aimed at, and it is desirable beforehand to a Plastic solid or a sintered compact 20 to perform 
3 - 5vol% nickel plating desirably 1 - 10vol%. In this case, it can make it realize to sink in by the low 
voltage force. As nickel plating here, the plating of nickel-P and the plating of nickel-B are included, for 
example. 

[0121] And in relation to performing 1 - 10vol% nickel plating to the aforementioned Plastic solid or a 
sintered compact 20 beforehand, you may be made to perform palladium plating to a Plastic solid or a 
sintered compact 20 beforehand. In this case, it is also possible to give composite coatings with nickel or 
Si in addition to the aforementioned palladium plating. 

[0122] On the other hand, in the period from the temperature at the time of sinking in to 800 degrees C, 
as for the cooling rate in a cooling process, it is desirable to carry out in -400 degrees C/hour or more, 
and its hour is more preferably desirable in -800 degrees C /or more. 

[0123] In the aforementioned step S6, the pressure given to a high pressure vessel 30 is a pressure 
required in order to infiltrate copper or a copper alloy 22 into the open-pore section of a Plastic solid or a 
sintered compact 20 completely. In this case, if the open pore which does not sink into a Plastic solid or 
a sintered compact 20 in copper or the copper alloy 22 remains, in order to check thermal conductivity 
remarkably, it is necessary to give a high pressure. 

[0124] This pressure is the outline. Washburn Although it can presume by the formula, such big force is 
needed that a pore diameter is small. For example, the pressure of 4 kgf/cm2 is needed, respectively at 
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the time of 40 kgf/cm2 and 10 micrometerphi at the time of 400 kgf7cm2 and 1 .0 micrometerphi at the 
time of 0.1 micrometerphi. 

[0125] At this time, it is required to shorten time for a Plastic solid or a sintered compact 20, copper, or a 
a copper alloy 22 to contact directly at an elevated temperature, the 1st processing condition (pressure = 
given to a high pressure vessel 30 - more than 10 kgf/cm2) 1000 kgf/cm2 The following and 2nd 
processing condition (heating temperature = copper or temperature higher 10 degrees C - 250 degrees C 
than the melting point of a copper alloy 22), Or by satisfying the 3rd processing condition (1 - 10vol% 
nickel plating being beforehand performed to a Plastic solid or a sintered compact 20), contact time with 
a Plastic solid or a sintered compact 20, copper, or a copper alloy 22 can be shortened. 
[0126] Moreover, when wettability with a Plastic solid or a sintered compact 20, copper, or a copper 
alloy 22 is bad, it is required to apply the high-pressure force to fully infiltrate copper or a copper alloy 
22. The 3rd processing condition (1 - 10vol% nickel plating is beforehand performed to a Plastic solid or 
a sintered compact 20), Or the pore front face of a Plastic solid or a sintered compact 20 is reformed by 
performing the 4th processing condition (a Plastic solid or a sintered compact 20 ~ beforehand -- Si -- 1 
- 10vol% - it being made to sink in). Since wettability with a Plastic solid or a sintered compact 20, 
copper, or a copper alloy 22 becomes good, copper or a copper alloy 22 can be infiltrated more even into 
finer pore by the low voltage force. 

[0127] Next, some modifications are explained about the sinking-in process of sinking-in down stream 
processing concerning the 1 st example, referring to drawing 12 and drawing 13 . 
[0128] The sinking-in process concerning the 1st modification makes a high pressure vessel 30 an initial 
state first, as shown in drawing 12 , and it locates caudad 1st room 44a of the fireproof container 40 
prepared in the high pressure vessel 30 (Step S101). 

[0129] Then, a Plastic solid or a sintered compact 20 is set to 2nd room 44b, and the copper or the 
copper alloy (melting copper) 22 by which melting was carried out beforehand is slushed in 1st room 
44a (Step SI 02). 

[0130] Then, a high pressure vessel 30 is turned 180 degrees in the stage to which the melting copper in 
1st room 44a reached predetermined temperature (Step S103). By this revolution operation, the melting 
copper in 1st room 44a falls to 2nd room 44b located caudad, and it will be in the state where the Plastic 
solid or the sintered compact 20 was dipped in melting copper in this stage. 
[0131] Then, the gas for sinking in is introduced in a high pressure vessel 30 through the gas 
introduction pipe 50, and the inside of this high pressure vessel 30 is pressurized (Step S104). By this 
pressure treatment, the aforementioned melting copper will sink in into the open-pore section of a Plastic 
solid or a sintered compact. 

[0132] Next, if the sinking-in process concerning the 2nd modification is explained, the high pressure 
vessel 30 in which the dashboard (not shown) which becomes a part for the internal center section of the 
fireproof container 40 currently installed in the high pressure vessel 30 from porosity ceramic material 
was prepared will be used for the sinking-in process concerning this 2nd modification. The inside of the 
fireproof container 40 will be divided into 1st room 44a and 2nd room 44b by the aforementioned 
dashboard. 

[0133] It is desirable to use the porosity ceramic material whose pore diameter porosity is 40% - 90%, 
and is 0.5mm - 3.0mm as the aforementioned dashboard, and it is desirable to use the porosity ceramic 
material whose pore diameter porosity is 70% - 85% more preferably, and is 1.0mm - 2.0mm. 
[0134] And 1st room 44a of the fireproof container 40 which the sinking-in process concerning this 2nd 
modification makes a high pressure vessel an initial state first as shown in drawing 13 , and is prepared 
in the high pressure vessel is located, and 2nd room 44b is located up below (Step S201). 
[0135] Then, the lump of a Plastic solid or a sintered compact 20, copper, or a copper alloy 22 is put in 
in the fireproof container 40 of a high pressure vessel 30, the lump of copper or a copper alloy 22 is 
stationed in 2nd room 44b located up, and a Plastic solid or a sintered compact 20 is set to 1st room 44a 
located below (Step S202). 

[0136] Then, after sealing a high pressure vessel 30 (and fireproof container 40), vacuum length in a 
high pressure vessel 30 is performed through an inlet pipe 48, and the inside of this high pressure vessel 
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30 is changed into a negative pressure state (Step S203). 

[0137] Then, it energizes at a heater 42 and the heating dissolution of the copper or the copper alloy 22 
of 2nd room 44b is carried out (Step S204). In the stage which reached predetermined temperature, the 
aforementioned melting copper introduces the gas for sinking in in a high pressure vessel 30 through the 
gas introduction pipe 50, and pressurizes the inside of this high pressure vessel 30 (Step S205). By this 
pressure treatment, the melting copper in 2nd room 44b located up will pass a dashboard, and it will sink 
in into the open-pore section of the Plastic solid in 1st room 44a located caudad, or a sintered compact 
20. 

[0138] Next, it explains, referring to drawing 14 - drawing 19 about sinking-in down stream processing 
concerning the 2nd example. 

[0139] Specifically, sinking-in down stream processing concerning this 2nd example is performed by 
using the hotpress furnace 60, as the example is shown in drawing 14 . The upper punch 68 made free 
[ the upper part to an attitude in the fireproof container 66 of upper surface opening fixed in the tubed 
case 62 on the lower punch 64 which serves as a pedestal, and this lower punch 64, and this fireproof 
container 66 ] for this hotpress furnace 60, and the heater 70 for heating the aforementioned fireproof 
container 66 are formed. In addition, the inlet pipe 72 for vacuum length is formed in this hotpress 
furnace 60. 

[0140] The aforementioned fireproof container 66 has the tubed configuration of having a centrum 74. 
The flange 76 to which upper punch 68 determines the distance of this upper punch 68 as the side is 
formed, and the packing 78 for contacting the upper peripheral surface of the aforementioned fireproof 
container 66, and changing the fireproof container 66 into a sealing state is attached in the inferior 
surface of tongue of this flange 76. On the other hand, the path 80 for circulating the fluid for cooling for 
cooling the inside of the fluid for heating and the fireproof container 66 for heating the inside of the 
fireproof container 66 is established in the interior of lower punch 64. 

[0141] And sinking-in down stream processing concerning the 2nd example is performed by stepping on 
the process shown in drawing 15 . 

[0142] First, it supplies in the centrum 74 of the fireproof container 66 in order of the lump of a lower 
shell Plastic solid or a sintered compact 20, the filter 54 made from a porosity ceramic, copper, or a 
copper alloy 22 (Step S301). It is desirable to use the porosity ceramic material whose pore diameter 
porosity is 40% - 90%, and is 0.5mm - 3.0mm as a filter 54, and it is desirable to use the porosity 
ceramic material whose pore diameter porosity is 70% - 85% more preferably, and is 1.0mm - 2.0mm. 
[0143] Moreover, the aforementioned filter 54 can achieve the function as a dashboard to divide the 
lump of a Plastic solid or a sintered compact 20, copper, or a copper alloy 22, and to set both in the non- 
contact state, and can define the portion to which the Plastic solid or sintered compact 20 under upper 
loculus 74a and a filter 54 was set in the portion to which the copper on a filter 54 or the lump of a 
copper alloy 22 was set among centrums 74 as lower loculus 74b. 

[0144] Next, vacuum length in the fireproof container 66 is performed through an inlet pipe 72, and the 
inside of both loculus 74a of this fireproof container 66 and 74b is changed into a negative pressure state 
(Step S302). 

[0145] Then, it energizes at a heater 70 and the heating dissolution of the copper or the copper alloy 22 
in upper loculus 74a is carried out (Step S303). It combines with the energization to the aforementioned 
heater 70, and the fluid for heating is poured and you may make it heat the interior of the fireproof 
container 66 in the path 80 of lower punch 64 at this time. 

[0146] In the stage which reached predetermined temperature, the copper in upper loculus 74a or the 
melt (melting copper) of a copper alloy 22 moves upper punch 68 caudad, and pressurizes the upper 
interior of a room to place constant pressure (Step S304). At this time, the fireproof container 66 is 
sealed by contact and mutual press with the packing 78 attached in the flange 76 of upper punch 68, and 
the upper peripheral surface of the fireproof container 66, and un-arranging [ that internal melting 
copper leaks out of the fireproof container 66 ] is prevented effectively. 

[0147] It sinks into the Plastic solid or sintered compact 20 installed in this lower loculus 74b at the 
same time the copper in upper loculus 74a which became place constant pressure, or the melt (melting 
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copper) of a copper alloy 22 is extruded through a filter 54 by the pressure in upper loculus 74a at the 
lower loculus 74b side and is introduced in this lower loculus 74b. 

[0148] The melting copper with which it sank into (Step S305), the Plastic solid, or the sintered compact 
20 is made to solidify by pouring the fluid for cooling to the path 80 in lower punch 64, and making it 
cool the fireproof container 66 toward the upper part shortly in the stage used as the terminal point (at 
the time of to sink [ of the melting copper into a Plastic solid or a sintered compact 20 ] in being made 
into a saturation state) set up beforehand from a lower part by time management. The pressurization 
state in the fireproof container 66 by upper punch 68 and lower punch 64 is held until solidification is 
completed. 

[0149] When solidification is completed, copper or a copper alloy 22 picks out the Plastic solid or 
sintered compact 20 with which it sank in from the fireproof container 66 (Step S3 06). 
[0150] In this manufacture method, since a Plastic solid or a sintered compact 20 is made to contact 
promptly, and these are made into a pressurization state and the pressurization state was further held till 
the completion of cooling operation after heating fully deaerating a Plastic solid or a sintered compact 
20, copper, or a copper alloy 22 and fusing copper or a copper alloy 22, copper or a copper alloy 22 can 
be efficiently sunk into a Plastic solid or a sintered compact 20. Although it was made to perform 
sinking-in processing under negative pressure in the aforementioned example, you may carry out under 
an ordinary pressure. 

[0151] Thus, since it is made to contact mutually and was made to perform sinking-in processing after 
setting both melting copper, a Plastic solid, and the sintered compact 20 under a pressurization state, the 
failure of pressure at the time of contacting both can be made into the minimum, and the pressurization 
state at the time of sinking-in processing can be made to hold good. 

[0152] Although packing 78 was formed in the inferior surface of tongue of the flange 76 in upper 
punch 68 in the aforementioned example in order to prevent the leakage of melting copper, you may 
make it form packing 78 in the upper peripheral surface of the fireproof container 66, as the two-dot 
chain line of drawing 14 shows, moreover, packing which made ring-like split-mold packing 100 the 
two-sheet pile as shown in drawing 16 A and drawing 16 B ~ you may make it form a member 102 in 
the lower part of upper punch 68, as shown in drawing 17 in this case, packing - when melting copper 
enters into the centrum 104 of a member 102, the diameter of each split-mold packing 100 will be 
expanded, upper loculus 74a will be sealed as a result, and the leakage of melting copper will be 
prevented 

[0153] Next, it explains, referring to drawing 18 and drawing 19 about the modification of sinking-in 
down stream processing concerning the 2nd example. In addition, a same sign is attached about drawing 
14 and a corresponding thing, and the duplication explanation is omitted. 

[0154] the filter constituted from a porosity ceramic by the height direction center section of the centrum 
74 in the fireproof container 66 as a hotpress furnace 60 in sinking-in down stream processing 
concerning this modification as shown in drawing 18 -- a member 1 10 fixes and that by which the door 
1 12 was attached in the side of lower loculus 74b free [ opening and closing ] is used therefore, the filter 
among the centrums 74 of the fireproof container 66 -- the portion above a member 1 10 -- upper loculus 
74a -- becoming -- a filter -- the portion below a member 1 10 is set to lower loculus 74b About the door 
1 12 especially attached in lower loculus 74b, when this door 1 12 is closed, the structure where lower 
loculus 74b is sealed is adopted. 

[0155] And sinking-in down stream processing concerning this modification is performed by stepping 
on the process shown in drawing 19 . 

[0156] First, the lump of copper or a copper alloy 22 is thrown in in upper loculus 74a of the fireproof 
container 66, the door 1 12 of lower loculus 74b is opened, and a Plastic solid or a sintered compact 20 is 
thrown in in this lower loculus 74b (S401). 

[0157] Next, after closing a door 112, sealing lower loculus 74b and sealing the hotpress furnace 60 
further, vacuum length in the fireproof container 66 is performed through an inlet pipe 72, and the inside 
of both loculus 74a of this fireproof container 66 and 74b is changed into a negative pressure state (Step 
S402). 
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[0158] Then, it energizes at a heater 70 and the heating dissolution of the copper or the copper alloy 22 
in upper loculus 74a is carried out (Step S403). It combines with the energization to the aforementioned 
heater 70 also in this case, and the fluid for heating is poured and you may make it heat the interior of 
the fireproof container 66 in the path 80 of lower punch 64. 

[0159] In the stage which reached predetermined temperature, the copper in upper loculus 74a or the 
melt (melting copper) of a copper alloy 22 moves upper punch 68 caudad, and pressurizes the inside of 
upper loculus 74a to place constant pressure (Step S404). 

[0160] the copper in upper loculus 74a which became place constant pressure, or the melt (melting 
copper) of a copper alloy 22 the pressure in upper loculus 74a -- a filter -- it sinks into the Plastic solid 
or sintered compact 20 installed in this lower loculus 74b at the same time it extrudes through a member 
1 10 at the lower loculus 74b side and is introduced in this lower loculus 74b 

[0161] The melting copper with which it sank into (Step S405), the Plastic solid, or the sintered compact 
20 is made to solidify by pouring the fluid for cooling to the path 80 in lower punch 64, and making it 
cool the fireproof container 66 toward the upper part shortly in the stage used as the terminal point set 
up beforehand from a lower part by time management. 

[0162] When solidification is completed, copper or a copper alloy 22 picks out the Plastic solid or 
sintered compact 20 with which it sank in from the fireproof container 66 (Step S406). 
[0163] Also in sinking-in down stream processing concerning this modification, copper or a copper 
alloy 22 can be efficiently sunk into a Plastic solid or a sintered compact 20 like sinking-in down stream 
processing concerning the 2nd example. Moreover, after setting both melting copper, a Plastic solid, and 
the sintered compact 20 under a pressurization state also in this case, in order to make it contact 
mutually and to perform sinking-in processing, the failure of pressure at the time of contacting both can 
be made into the minimum, and the pressurization state at the time of sinking-in processing can be made 
to hold good. In the aforementioned example, although it was made to perform sinking-in processing 
under negative pressure, you may carry out under an ordinary pressure. 
[0164] Next, it explains, referring to drawing 20 and drawing 21 about sinking-in down stream 
processing concerning the 3rd example. In addition, a same sign is described about drawing 14 and a 
corresponding thing, and the duplication explanation is omitted. 

[0165] Although sinking-in down stream processing concerning this 3rd example is almost the same as 
theoretically as sinking-in down stream processing concerning the 2nd example of the above, in a 
sinking-in process, it contacts a Plastic solid or a sintered compact 20, copper, or a copper alloy 22 
under negative pressure or an ordinary pressure, and differs at the point which heat-treats and fuses the 
aforementioned copper or a copper alloy 22. 

[0166] Specifically, as shown in drawing 20 , it differs at the point supplied in order of the lower shell 
SiC20, copper, or a copper alloy 22, without throwing in a filter 54 in the fireproof container 66 of the 
hotpress furnace 60 used in sinking-in down stream processing concerning the 2nd example. 
[0167] And sinking-in down stream processing concerning the 3rd example is performed by stepping on 
the process shown in drawing 21 . 

[0168] First, it supplies in the centrum 74 of the fireproof container 66 in order of the lump of a lower 
shell Plastic solid or a sintered compact 20, copper, or a copper alloy 22 (Step S501). 
[0169] Next, after sealing the hotpress furnace 60, vacuum length in the fireproof container 66 is 
performed through an inlet pipe 72, and the inside of this fireproof container 66 is changed into a 
negative pressure state (Step S502). 

[0170] Then, it energizes at a heater 70 and the heating dissolution of the copper or the copper alloy 22 
in the fireproof container 66 is carried out (Step S503). It combines with the energization to the 
aforementioned heater 70, and the fluid for heating is poured and you may make it heat the interior of 
the fireproof container 66 in the path 80 of lower punch 64 at this time. 

[0171] In the stage which reached predetermined temperature, the copper in the fireproof container 66 or 
the melt (melting copper) of a copper alloy 22 moves upper punch 68 caudad, and pressurizes the inside 
of the fireproof container 66 to place constant pressure (Step S504). 

[0172] In the melt (melting copper) of the copper which became place constant pressure, or a copper 
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alloy 22, the pressure in the fireproof container 66 sinks into a Plastic solid or a sintered compact 20. 
[0173] (Step S505) and the melting copper with which it sank into SiC20 are made to solidify by 
pouring the fluid for cooling to the path 80 in lower punch 64, and making it cool the fireproof container 
66 toward the upper part shortly in the stage used as the terminal point (at the time of to sink [ of the 
melting copper into SiC20 ] in being made into a saturation state) set up beforehand from a lower part 
by time management. The pressurization state in the fireproof container 66 by upper punch 68 and lower 
punch 64 is held until solidification is completed. 

[0174] When solidification is completed, copper or a copper alloy 22 picks out the Plastic solid or 
sintered compact 20 with which it sank in from the fireproof container 66 (Step S506). 
[0175] It heats also in this manufacture method, fully deaerating a Plastic solid or a sintered compact 20, 
copper, or a copper alloy 22. Since the inside of the fireproof container 66 is made into a pressurization 
state and the pressurization state was further held till the completion of cooling operation after fusing 
copper or a copper alloy 22, where copper or a copper alloy 22, a Plastic solid, or a sintered compact 20 
is contacted Copper or a copper alloy 22 can be efficiently sunk into a Plastic solid or a sintered compact 
20. 

[0176] Although the metal into which a Plastic solid or a sintered compact 20 is infiltrated was made 
into copper or the copper alloy 22 in the aforementioned example, 0.001wt% - 0. lwt% calcium, Ag, Cd, 
Zn, Au, Pd, In, Ga, Pt, Cr, germanium, Rh, Sb, Ir, Co, As, Zr, Fe, Sn, Mn, P, Pb, etc. and gas 
constituents may be included in copper as an impurity. Of course, a pure copper is sufficient. 
[0177] Moreover, if the yarn construct 302 which is flexibility middle material as a Plastic solid or a 
sintered compact 20 is used and it combines with sinking [ of copper or a copper alloy 22 ] in, and 
melting, in a Plastic solid or a sintered compact 20, there will be an inclination for a long and slender 
open pore to remain in the gap of yarn, and copper or a copper alloy 22 will tend to permeate to the back 
of a Plastic solid or a sintered compact 20 along with this long and slender open pore. 
[0178] Here, the rate of an open pore of a Plastic solid or a sintered compact 20 and its pore size perform 
regulation of the concentration inclination of the copper in a Plastic solid or a sintered compact 20, or a 
copper alloy 22. For example, in raising the concentration of copper or a copper alloy 22 rather than the 
other place by 0.01-lOmm from the surface of a Plastic solid or a sintered compact 20, it is set the rate of 
an open pore in the request high concentration portion concerned of a Plastic solid or a sintered compact 
20 5 to 50%, and average pore size is set to 1 micrometers or more, and the rates of an open pore and 
average pore size of a portion other than the request high concentration portion concerned are used 
below as this high concentration portion. 

[0179] Preferably, 10 to 50%, average pore size sets the rate of an open pore in the request high 
concentration portion concerned of a Plastic solid or a sintered compact 20 to 10 micrometers or more, 
and it uses the rates of an open pore and average pore size of a portion other than the request high 
concentration portion concerned below as this high concentration portion. 
[0180] It is because copper other than a request part or osmosis of a copper alloy 22 will advance 
exceeding the amount of copper or a copper alloy 22, and the control range of other manufacture 
parameters, such as contact time, if it will be hard to remove the binder in a Plastic solid or a sintered 
compact 20 if the aforementioned rate of an open pore is made into less than 5%, and it is made larger 
than 50%. 

[0181] In order to make the rate of an open pore of a Plastic solid or a sintered compact 20 become 
small toward the interior of a surface shell, it carries out by arranging and fabricating from the inside, 
two or more preforming DOSHITO which consists of preforming DOYAN from which a binder pitch 
differs so that a binder pitch may become large toward a surface side. 

[0182] Thus, since the concentration of copper or a copper alloy 22 is high, when the Plastic solid or the 
sintered compact 20 with the concentration inclination of the made copper or a copper alloy 22 is used 
for a heat sink near a front face and the front face, it is suitable for collection of heat, and diffusion of 
heat, and since the rate of the interior for which a carbon fiber skeleton accounts is high, it is excellent in 
thermal and mechanical shock nature. 

[0183] In addition, the composite material concerning this invention and its manufacture method of the 
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ability of various composition to be taken are natural, without deviating not only from the gestalt of 

above-mentioned operation but from the summary of this invention. 

[0184] 

[Effect of the Invention] Since copper or the copper alloy is carrying out uniform distribution into the 
carbon fiber skeleton according to the composite material concerning this invention, and its manufacture 
method as explained above, thermal and the effect that the structure material excellent in mechanical 
shock nature and parts are made are attained. 

[0185] Moreover, since according to the composite material concerning this invention, and its 
manufacture method a carbon fiber and copper serve as a principal component and constitute uniform 
composition, the effect that the structure material excellent in the sliding property and parts are made is 
attained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Composite material characterized by having the mineral matter in which much tubular 
continuous puncturing was formed, and the matrix which consists of a metal with which it sank into the 
aforementioned puncturing of the aforementioned mineral matter, and which contains copper at least. 
[Claim 2] Composite material characterized by the rate of an open pore of the aforementioned mineral 
matter before infiltrating the aforementioned metal being 10% - 35% in a composite material according 
to claim 1 . 

[Claim 3] It is the composite material which the yarn which contains the bunch of a carbon fiber and 
carbon components other than a carbon fiber at least is together put in three dimensions, and the 
aforementioned mineral matter consists of the yarn aggregates united with the grade which these yarn 
does not separate mutually in a composite material according to claim 1 or 2, and is characterized by the 
aforementioned puncturing being a crevice formed between the yarn which adjoins mutually in the 
aforementioned yarn aggregate. 

[Claim 4] It is the composite material characterized by being constituted by arranging the 
aforementioned yarn of plurality [ object / yarn array / aforementioned ] almost in / parallel / two 
dimensions, respectively by carrying out the laminating of the yarn array object of plurality / aggregate / 
yarn / aforementioned ] in a composite material according to claim 3, and being constituted. 
[Claim 5] Composite material characterized by the longitudinal direction of each yarn in the adjoining 
aforementioned yarn array object crossing mutually in a composite material according to claim 4. 
[Claim 6] It is the composite material characterized by forming the three-dimensions network structure 
because the aforementioned matrix continues mutually in the aforementioned mineral matter in a 
composite material given in any 1 term of claims 1-5. 

[Claim 7] each aforementioned yarn array which the aforementioned matrix is mostly arranged by 
parallel in two dimensions in accordance with each aforementioned yarn array object, and adjoins in a 
composite material according to claim 5 or 6 -- the composite material characterized by the 
aforementioned matrix which sank into the inside of the body continuing mutually 
[Claim 8] The manufacture method of composite material characterized by providing the following. The 
1st process which produces many carbon fiber bunches with the carbon fiber, the carbon-powder object, 
and the organic binder of a book, forms the coat made of a resin in the circumference of this carbon fiber 
bunch, and produces a yarn construct. The 2nd process which is made to arrange many aforementioned 
yarn constructs and produces an array object. The 3rd process which is made to carry out the laminating 
of the aforementioned array object, and produces a layered product. The 4th process which produces the 
sintered compact with which pressurization baking of the aforementioned layered product was carried 
out, and much tubular continuous puncturing was formed, and the 5th process into which the metal 
which contains copper in the aforementioned puncturing of the aforementioned sintered compact at least 
is infiltrated. 

[Claim 9] Setting to the manufacture method of a composite material according to claim 8, the 4th 
process of the above is the aforementioned layered product with a hotpress 300-2000-degree-C, 
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ordinary-pressure - 500 kgf/cm2 The manufacture method of the composite material characterized by 
fabricating under conditions, producing a Plastic solid, calcinating this Plastic solid at 600-1200 degrees 
C in the atmosphere, and producing the aforementioned sintered compact. 
[Claim 10] The manufacture method of the composite material characterized by carbonizing the 
aforementioned Plastic solid at 600-1200 degrees C, graphitizing at 1500-3000 degrees C in the 
manufacture method of a composite material according to claim 9, and producing the aforementioned 
sintered compact. 

[Claim 1 1] It is the manufacture method of the composite material characterized by the aforementioned 
carbon fibers being either a pitch based carbon fiber and a PAN system carbon fiber in the manufacture 
method of a composite material given in any 1 term of claims 8-10. 

[Claim 12] The manufacture method of a composite material given in any 1 term of claims 8-1 1 
characterized by providing the following, the 5th process of the above heats the aforementioned sintered 
compact and the metal which contains copper at least in the state where it is not made to contact 
mutually, and contacts both in the stage which reached predetermined temperature - making » 
immediately - the high-pressure force - giving ~ the aforementioned metal - the aforementioned 
sintering -- the sinking-in process infiltrated into the inside of the body The cooling process at which the 
aforementioned metal cools at least the aforementioned sintered compact with which it sank in. 
[Claim 13] The manufacture method of a composite material according to claim 12 characterized by 
providing the following. The aforementioned sinking-in process is a process which changes the inside of 
this container into negative pressure or an ordinary-pressure state after putting the aforementioned 
sintered compact and the aforementioned metal into the same container and arranging the 
aforementioned metal down [ in the aforementioned container ]. The process which carries out the 
heating dissolution of the aforementioned metal, and makes the aforementioned metal molten metal. The 
process in which the aforementioned molten metal revolves the aforementioned container and makes the 
aforementioned porosity sintered compact immersed into the aforementioned molten metal in this 
container in the stage which reached predetermined temperature, introducing the gas for sinking in in the 
aforementioned container, and pressurizing the inside of the aforementioned container -- the 
aforementioned molten metal -- the aforementioned sintering ~ the process infiltrated into the inside of 
the body 

[Claim 14] The manufacture method of a composite material according to claim 12 characterized by 
providing the following. The aforementioned sinking-in process is a process which changes the inside of 
this container into negative pressure or an ordinary-pressure state after putting the aforementioned metal 
and the aforementioned sintered compact by which melting was carried out beforehand into the same 
container and arranging the aforementioned molten metal down [ in the aforementioned container ]. The 
process in which the aforementioned molten metal revolves the aforementioned container and makes the 
aforementioned sintered compact immersed into the aforementioned molten metal in this container in 
the stage which reached predetermined temperature, introducing the gas for sinking in in the 
aforementioned container, and pressurizing the inside of the aforementioned container - the 
aforementioned molten metal -- the aforementioned sintering - the process infiltrated into the inside of 
the body 

[Claim 15] It is the manufacture method of the composite material characterized by to have the process 
which the aforementioned cooling process revolves the aforementioned container and separates the 
aforementioned sintered compact after sinking in, and non-sinking in residual molten metal, and the 
process which extracts the aforementioned gas for sinking in in the aforementioned container, introduces 
the gas for cooling promptly, and cools the inside of a container in the manufacture method of a 
composite material according to claim 13 or 14. 

[Claim 16] It is the manufacture method of the composite material characterized by having the process 
which the aforementioned cooling process revolves the aforementioned container in the manufacture 
method of a composite material according to claim 13 or 14, and separates the aforementioned sintered 
compact after sinking in, and non-sinking in residual molten metal, and the process which cools the 
inside of the aforementioned container by cooling the aforementioned container and making gold 



http://www4.ipdl.jpo.gojp/cgi-bin/t^^ 9/23/02 



Page 3 of 4 



contact. 

[Claim 17] The pressure which carries out the aforementioned grant in the manufacture method of a 
composite material given in any 1 term of claims 12-16 is 10 kgf/cm2. It is 1000 kgf/cm2 above. The 
manufacture method of the composite material characterized by being the following. 
[Claim 18] It is the manufacture method of the composite material characterized by the grant time of the 
aforementioned pressure being 10 seconds or more and 30 minutes or less in the manufacture method of 
a composite material given in any 1 term of claims 12-17. 

[Claim 19] It is the manufacture method of the composite material characterized by the aforementioned 
predetermined temperature being temperature higher 10 degrees C - 250 degrees C than the melting 
point of the aforementioned metal in the manufacture method of a composite material given in any 1 
term of claims 12-18. 

[Claim 20] It is the manufacture method of the composite material characterized by the cooling rate in 
the aforementioned cooling process being -400 degrees C/hour or more from the temperature at the time 
of sinking in to 800 degrees C in the manufacture method of a composite material given in any 1 term of 
claims 12-19. 

[Claim 21] It is the manufacture method of the composite material characterized by the aforementioned 
negative pressure state being 1 or less Ton* in the manufacture method of a composite material given in 
any 1 term of claims 12-20. 

[Claim 22] The manufacture method of the composite material characterized by the rate of an open pore 
of the aforementioned sintered compact before infiltrating the aforementioned metal being 10% - 35% in 
the manufacture method of a composite material given in any 1 term of claims 8-21. 
[Claim 23] It is the manufacture method of the composite material characterized by performing 1 - 
10vol% nickel plating beforehand in the manufacture method of a composite material given in any 1 
term of claims 8-22, as for the aforementioned sintered compact. 

[Claim 24] It is the manufacture method of a composite material according to claim 12 that it is 
characterized by the aforementioned cooling process cooling the aforementioned sintered compact with 
which the aforementioned molten metal sank in under the aforementioned pressurization by having the 
following. The aforementioned sinking-in process is a process which changes the aforementioned 
sintered compact and the aforementioned metal of each other into negative pressure or an ordinary- 
pressure state in the state of non-contact. The process which heats the aforementioned sintered compact 
and the aforementioned metal to predetermined temperature under negative pressure or an ordinary 
pressure, and fuses the aforementioned metal. The process which sets the aforementioned molten metal 
in the pressurization state, the sintered compact under the molten metal under the aforementioned 
pressurization, the aforementioned negative pressure, or an ordinary pressure is contacted promptly - 
making -- and a pressurization state -- setting the bottom of pressurization -- the aforementioned 
sintering - the process which infiltrates the aforementioned molten metal into the inside of the body 
[Claim 25] in the manufacture method of a composite material according to claim 24, the sintered 
compact and molten metal which were heat-treated in the state of non-contact under negative pressure or 
the ordinary pressure are set in both the pressurization state, and it contacts promptly after that ~ making 
-- the aforementioned sintering — the manufacture method of the composite material characterized by 
infiltrating the aforementioned metal into the inside of the body 

[Claim 26] It is the manufacture method of a composite material according to claim 12 that it is 
characterized by the aforementioned cooling process cooling the aforementioned sintered compact with 
which the aforementioned molten metal of the bottom room of the above sank in under the 
aforementioned pressurization state by having the following. The aforementioned sinking-in process is a 
process which arranges the aforementioned sintered compact and the aforementioned metal, respectively 
to the loculus of the upper and lower sides of the same container divided into two rooms with the 
porosity filter, and makes each loculus negative pressure or an ordinary-pressure state. The process 
which heats vertical both loculus to predetermined temperature under negative pressure or an ordinary 
pressure, and fuses the aforementioned metal. The process which sets an above top room in the 
pressurization state, lower loculus after making the molten metal of the upper loculus under the 
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aforementioned pressurization permeate lower loculus through the aforementioned porosity filter and 
contacting it to the aforementioned sintered compact under negative pressure or an ordinary pressure 
promptly - a pressurization state -- carrying out — the aforementioned sintering under pressurization -- 
the process which infiltrates the aforementioned molten metal into the inside of the body 
[Claim 27] It is the manufacture method of a composite material according to claim 12 that it is 
characterized by the aforementioned cooling process cooling the aforementioned sintered compact with 
which the aforementioned molten metal of lower loculus sank in under the aforementioned 
pressurization by having the following. The aforementioned sinking-in process is a process which 
arranges the aforementioned sintered compact and the aforementioned metal, respectively to the loculus 
of the upper and lower sides of the same container divided into two rooms with the porosity filter, and 
makes each loculus negative pressure or an ordinary-pressure state. The process which heats vertical 
both loculus to predetermined temperature under negative pressure or an ordinary pressure, and fuses the 
aforementioned metal. The process which sets vertical both the aforementioned loculus in the 
pressurization state, the aforementioned sintering under the pressurization after having made the 
pressure of the upper loculus under the aforementioned pressurization still higher than the pressure of 
lower loculus, making molten metal permeate lower loculus through the aforementioned porosity filter 
and making the aforementioned sintered compact contact promptly » the process which infiltrates the 
aforementioned molten metal into the inside of the body 

[Claim 28] The manufacture method of the composite material carried out [ performing a cooling 
process by indirect cooling processing from the lower loculus circumference, and ] as the feature while 
the press processing from both upper and lower sides performs the process which faces the metal which 
contains copper in the sintered compact which becomes any 1 term of claims 24-27 with a base material 
in the manufacture method of the composite material a publication at least carrying out sinking-in 
processing, and sets it in the pressurization state. 

[Claim 29] The manufacture method of a composite material according to claim 8 characterized by 
providing the following, the 5th process of the above contacts the sintered compact used as a base 
material, and the metal which contains copper at least under negative pressure or an ordinary pressure -- 
making ~ heat-treating ~ the aforementioned metal ~ fusing ~ an after that and pressurization state - 
setting - prompt -- the aforementioned sintering - the sinking-in process which infiltrates the 
aforementioned metal into the inside of the body The cooling process at which the aforementioned metal 
cools at least the aforementioned sintered compact with which it sank in. 
[Claim 30] It is the manufacture method of a composite material according to claim 29 that it is 
characterized by the aforementioned cooling process cooling the aforementioned sintered compact with 
which the aforementioned molten metal sank in under the aforementioned pressurization by having the 
following. The aforementioned sinking-in process is a process which sets the aforementioned sintered 
compact and the aforementioned metal in negative pressure or the ordinary -pressure state in the state 
where it was made to contact mutually. The process which heats the aforementioned sintered compact 
and the aforementioned metal to predetermined temperature under negative pressure or an ordinary 
pressure, and fuses the aforementioned metal. The process which sets the aforementioned molten metal 
in the pressurization state, the porosity sintered compact under the molten metal under the 
aforementioned pressurization, the aforementioned negative pressure, or an ordinary pressure is 
contacted promptly -- making and a pressurization state setting the bottom of pressurization - the 
aforementioned sintering the process which infiltrates the aforementioned molten metal into the inside 
of the body 



[Translation done.] 
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